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INTRODUCTION 


Numerous European investigators, from the time of Hellriegel’s 
work with barley in pot experiments in 1866 (10) * to the present 
(16, 17), have tried to develop methods for the analysis of the soil 
by means of the plant—that is, from the content of plant nutrients 
in the dry matter of crops grown upon a soil to decide upon the 
adequacy of the supply of these nutrients in that soil for maximum 
crop production. Limiting values are obtained for selected crops 
by growing the plants under normal conditions of fertilization, gather- 
ing them at a certain stage of development, and analyzing the dry 
matter in order to ascertain the usual proportions of phosphoric acid, 
potash, and nitrogen. The same crops are also grown upon the soil 
under investigation, harvested at the same stage, and analyzed. 
Any marked deviation in the proportion of a nutrient in the dry 
matter, or in that of the ash, is taken as evidence of a deficiency or 
an abundance of this in an available form. Although these long con- 
tinued efforts have so far failed to develop methods of general appli- 
cation, they have brought results that in many cases may prove to 
be valuable aids in studies of soil unproductivity. 

Hall, from a detailed study of the composition of the ash of various 
crops grown on the Rothamsted plots (8), concludes that ‘‘ by selecting 
suitable test plants valuable indications can be obtained as to the need 
or otherwise for specific manuring”’(9, p. 177), root crops providing 
the most sensitive test plants—mangolds for potash and rutabagas 
for phosphoric acid. Cereals he regards as unsuitable as a rule, 
their ash constituents showing too narrow variations, the best among 
them as an indicator for both phosphoric acid and potash being the 
straw of barley. 

Wagner, who probably has devoted more study to the subject 
than any other investigator, warns against overestimating the de- 
pendability of limiting values, even with the root crops and the 
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cereal straws, both of which show great differences in their ash con- 
tent according to the fertilization they have received. He believes 
that a conclusion can be drawn as to the fertilizer requirements of the 
soil only where there are exceptionally high or exceptionally low per- 
centages in the crop, and that by far the greatest number of cases 
do not belong to these extremes (26, p. 22-24). 

It is in the case of meadows that Wagner has ventured on the most 
definite conclusions, and it is there that ash analysis gives promise 
of most usefulness. Where the phosphoric acid and potash needs are 
fully satisfied he finds that meadow plants give a hay that contains 
0.65 per cent of phosphoric acid and 2 per cent of potash; the more 
the content sinks below these percentages the greater is the probability 
that heavier fertilization with phosphate and potash will increase the 
yields. By very great phosphoric-acid hunger he has found the 
content of this to fall as low as 0.2 per cent and with the heaviest 
phosphate fertilization to rise as high as 0.70 per cent (26, p. 155- 
156). If the potash content sinks as low as 1.20 per cent, it may be 
safely concluded that potash fertilization will certainly increase the 
yield, and a field experiment in such a case is unnecessary (26, p. 151). 
Wagner has dealt with the same subject in much detail in an earlier 
publication (25). 

Schneidewind (20, p. 190-191) regards plant analysis as of value 
only in certain extreme cases, pointing out that at times an extra- 
ordinary variation, up to 300 per cent, is found in the percentage 
content of nutrients on the same field and in the same rotation, while 
by a change in the succession of crops even much greater variations 
can be obtained. 

Most of the data reported in this paper were obtained incidental 
to the study of certain peculiarities and of some unexpected responses 
to fertilization of crops grown upon the peat soils of three Minnesota 
peat experimental fields—Golden Valley, Coon Creek, and Fens— 
all of which are naturally so abundantly supplied with lime that 
liming has been without beneficial effect even for those crops which 
are most sensitive to any deficiency, such as sweet clover. The 
experimental fields have been under operation since 1918, 1919, and 
1915, respectively, and on all three the crops on the unfertilized peat 
have usually been so poor that in farming operations they would 
seldom have justified the expense of gathering, even in the first year 
of cultivation and when put in on a carefully prepared seed bed, but 
with the proper fertilization excellent yields have been obtained. 
Nitrogen applications have been unnecessary for ordinary farm crops, 
upon the yields of which they show little, if any, effect, although 
greatly stimulating the early growth while the soil is still cold. Stable 
manure produces satisfactory yields, but with most crops it fails to 
cause any distinct increase over those obtained with phosphate alone 
at Golden Valley or with a combination of phosphate and potash at 
Coon Creek and Fens. 

In order to be able to judge to what extent the composition of the 
crops may indicate the fertilization required, the yields both with 
and without fertilization should be known, and for this reason the 
yields are reported for the crops whose composition is dealt with in 
this article. 
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CROPS AT GOLDEN VALLEY 


The Golden Valley peat experimental fields (2, 3), located near 
the northwestern corner of Minnesota and 270 miles northwest of 
St. Paul, appear to have been the first reported anywhere in the world 
upon which an application of phosphate alone sufficed to bring 
about maximum crop yields. Potash fertilization caused no im- 
provement, and the yields with the combination of potash and 
phosphate have been similar to those with phosphate alone. This 
result in the case of all the crops seeded in the first season at Golden 
Valley, which was very evident on June 20, 1918, when the senior 
author made his first visit to the fields after the planting of the crops 
about the middle of May, was so unexpected that had he not, only 
two months earlier, himself prepared and tagged all the sacks of 
fertilizers for the different plots, and later applied all of the phosphate 
and most of the potash, he would have suspected that by mistake 
the potash had been applied to Series IV and the phosphate to 
Series II instead of the reverse as intended (fig. 1). The very un- 


Winter Rye with phosphate at different rates in August 


= 


NroTE Ta Tal elolalelals sTilililIelilale 
lois isisisicoisls isis] los lslslslolslsls ls] 


Manure phosphate 








Manure in Apri/ 


Phosphate in April. 


nn 


zZa@mMaA EE 


Potash in April 


I 


No Fertilizer 





y ©& xs a 


© feet £0 100 
era wwe) 


C3 Acid phosphate, 200 /bs per acre, added Nov 6 (9/8 


Fic. 1.—Diagram showing arrangement and fertilization of plots at Golden Valley sampled for 
analyses in 1919. All the fertilizers had been applied in 1918 


pleasant caustic effect upon the hands and face of the potassium 
carbonate in the potash fertilizer employed had so heightened the 
vividness of the details of the application to each of the series in the 
recollection of a neighboring farmer who had applied the mixture to 
Series III, as well as to the senior author, that any such suspicion 
could not be entertained. A year later a disastrous flood, which 
destroyed all the crops except part of the winter rye and some of the 
hays, emphasized the desirability of a verification of the applications 
independent of personal recollections, and for this purpose the results 
of Wagner’s work appeared to offer the most promise. 

At the time the investigation was decided upon, late in the fall of 
1919, the straw had been discarded from all the grain crops of the 
two seasons’ work at Golden Valley. The first analyses were those 
of samples of hay which had been saved for moisture determinations, 
and the next of samples of small grains from the crop of 1918 which 
had been kept for exhibition purposes. These were followed by 
samples of rye from all the plots harvested in 1919. 
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HAY CROPS IN 1919 


The arrangement and fertilization of the hay plots may be seen 
by reference to Figure 1. In April, 1918, the plots in Series IV had 
received 400 pounds per acre of 15 per cent acid phosphate and the 
plots in Series V had received 12 tons per acre of fresh stable manure. 
A month later all the hay plots were seeded without a nurse crop and 
a cutting taken at the end of August (Table 1). No more phosphate 
or manure had been applied before the samples reported in Table 1 
were taken. The first of July, 1919, just as the hay was ready to be 
cut, the flood occurred and haying had to be delayed. After the water 
had subsided samples of the crop on four typical square yards on each 
plot were taken, cured in a well-aired barn loft, and later sent to the 
experiment station. On two sets of plots, Nos. 13 and 29, although 
alsike clover and redtop had been seeded along with the timothy, 
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Fic. 2.—Effect of fertilization upon the phosphoric-acid content of 
dry matter of hays at Golden Valley in 1919 


they formed an almost negligible proportion of the hay. The same 
was true of the red clover and redtop seeded on Nos. 11 and 27. 
So the crop from these four consisted almost exclusively of timothy. 


TABLE 1.—Yield per acre of hay crops at Golden Valley 


Yield in 1918 Yield in 1919 
Hay crop , With - . With rs 
Unfer- phos- With Unfer- phos- With 
tilized phate manure _ tilized phate manure 
Tons Tons Tons Tons Tons Tons 
Brome grass 0. 04 0. 62 0. 44 2. 05 2. 84 3. 50 
Western rye grass .12 1. 18 2.11 3. 69 ; 
Timothy, with some red clover and redtop . 04 . 84 e 1.42 2. 30 
Timothy, with some alsike and redtop . 04 . 80 1. 57 2.17 
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TaBLE 2.—Ash and phosphoric-acid content of hay crops grown at Golden Valley 
in 1919 
Ash in P205 in 
, : . P20; in Relative 
Crop and fertilization Series Plot dry ye | dry Jd a 
— ; _ ' matter ash matter yield 
E Timothy: Percent Percent | Percent 
f None I 11 | 7. 09 4. 50 0.32 100 
7. Do I 13 5.77 3. 29 19 100 
' Do I 27 6. 24 3. 69 23 100 
Do I 29 6. 02 2. 99 18 100 
Average 6. 28 3. 62 .2 100 
Phosphate IV ll 4.45 8.09 . 36 189 
\g- Do. IV 13 . 21 ). 57 .2 150 
Do IV 27 ». 17 6. 38 33 154 
Do lV 2V ». 5Y ». 60 33 124 
Average 5.10 6. 48 . 33 154 
Brome grass 
None 2 I 8 6. 04 3. 64 . 22 100 
Do I 24 4.97 3. 22 16 100 
Average. 5. 50 3. 43 .19 100 
Phosphate... i IV \ 5. 06 5. 13 . 26 161 
Do. IV 24 4.89 6. 54 .32 130 
Average. 4. 97 5. 83 2 145 
Manure Vv 8 | 5. 23 5.35 28 232 
Do V 24 | 4. 96 6. 25 31 128 
' 
A verage__ 5. 09 5. 80 . 29 180 
Western rye grass 
None I 6 3. 99 5. 51 | 100 
Do. I 22 4.17 3. 84 . 16 100 
Average : 4. 08 4. 67 .19 100 
Phosphate IV 6 3.47 12. 96 45 278 
Do lV 22 3. 54 9. 32 .3e 121 
Average. 3. 50 11.14 . 39 199 
« The yield on the unfertilized plot of each pair is placed at 100 
The percentages of P.O; and ash are reported in Table 2, and the 
effect of the various treatments upon the former is shown in Figure 
2. The P.O; content, whether referred to the dry matter or to the 
ash, was in all cases higher on the fertilized plots. In the crop from 
the unfertilized land it was so low as clearly to place this soil in the 
phosphate-deficient class, according to Wagner’s conclusions men- 
tioned above, but the hay from the phosphate-treated and from the 
manured land showed only from 0.26 to 0.45 per cent of P.O, instead 








of the 0.65 per cent which Wagner considers the normal amount in 
hays from fields so liberally supplied with phosphate that larger 
applications will produce no further increase in yield. This would 
suggest that the initial application of phosphate should have been 
much heavier. 
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SMALL GRAINS IN 1918 


The fertilization of the grain plots was the same as for the hay 
plots described above. At Golden Valley previous to the establish- 
ment of the experimental fields, the practice of burning had been 
developed locally by some of the peat-land owners (3, p. 98), and 
this was tried out along with other methods as a means of overcoming 
unproductivity. On the plots referred to as “‘burned,”’ from 9 to 18 
inches of peat had been burned off and on some the peat layer had 
been entirely destroyed. The resulting ash, with its abundance of 
available phosphate as well as much lime and a little potash, had 
been well mixed with the soil by plowing or disking. The burning 
was equivalent to an application of readily available phosphate many 
times as heavy as that applied in the form of acid phosphate to the 
phosphate-treated plots. 
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Fic. 3.—Effect of fertilization upon the phosphoric-acid content of small grains at Golden 
Valley in 1918 


Each crop tried on the peat was also sown on the same day on an 
adjacent field of mineral soil, a black prairie loam, no application of 
manure or fertilizer being used. 

The yields of grain are reported in Table 3 and the ash and P.O; 
content in Table 4, and the latter is shown in Figure 3. Each 
sample analyzed was a composite from the duplicate plots, each 
2 by 2 rods, and representative of the whole of each plot. 


TABLE 3.—Yield per acre of small grains at Golden Valley in 1918 


On peat soil 
On unfer- 


Crop 2 ‘ tilized 
a Ge ao With Burned a 
tilizer coma manure : 


Bushels Bushesl | Bushels Bushels Bushels 
Spring rye 14.6 39.6 36.8 59. 7 23. ¢ 





Oats 32.8 81.3 72. 1 66.4 3s 
Barley 7.4 24. 6 25.3 42.4 27.5 
Field peas 10.8 18.2 24.2 22.0 18.9 
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TaBLE 4.—Ash and phosphate content of small grains from Golden Valley in 1918 





Constituent and soil Fertilization Spring Oats Barley Field 
rye peas 
Ash in dry matter Per cent | Percent | Percent | Percent 
Peat None 1. 87 2. 96 2.79 2.71 
Do-. Phosphate 2. 03 2.81 2. 69 3. 51 
Do Manure 1. 84 3. 01 3.01 3. 39 
Do Burned 2.17 3. 07 2. 99 3. 36 
Mineral None 2. 43 3. 40 
Phosphoric acid in ash 
Peat None 33. 69 17. 91 90 19. 56 
Do Phosphate 41. 33 29. 89 | 83 28. 50 
Do Manure 40. 22 25. 58 24 26. 26 
Do Burned 47. 00 37. 46 45 23. 21 
Mineral None 49.34 32. 47 
Phosphoric acid in dry matter 
Peat None 63 | . 53 . 50 . 52 
Do Phosphate 84 . 84 91 1. 00 
Do Manure 74 | .77 . 82 89 
Do Burned 1. 02 | 115 1. 06 78 
Mineral None 1. 20 | 1.10 
Relative yields of grain: @ ! 
Peat None 100 100 100 100 
Do Phosphate 271 247 442 169 
Do Manure 252 219 342 224 
Do Burned 312 162 576 179 
Mineral None 169 120 371 175 
Relative yields of straw: ¢ 
Peat None 100 100 100 100 
Do Phosphate 233 304 267 227 
Do Manure 247 269 306 218 
Do Burned 248 338 186 153 
Mineral None 100 115 163 128 


« The yield on the unfertilized peat soil is placed at 100, 


In the case of all four grains from the peat the P20; was much higher 
with the three treatments that supplied phosphate. In three of the 
four cases it was highest in the grain from the burned plots, but even 
on these it was only about like that in the grains from the mineral soil. 


WINTER RYE IN 1919 


In the season of 1919 winter rye was the only grain crop that ma- 
tured, the others having been killed before maturity by the July flood 
(3, p. 51). Even the rye was injured, and showed a weight per bushel 
of only 50 to 52 pounds on the best fertilized plots, but on those 
receiving phosphate or manure it averaged, nevertheless, about 20 
bushels per acre. 

There were two distinct experiments with the rye, in one of which 
it was sown on plots that had produced barley in the crop season of 
1918 (fig. 1, Series I to VI, plots 7, 12, 23 and 28), while in the other, 
involving the use of different quantities of acid phosphate, the rye was 
sown on land that had not previously been under experiment (fig. 1, 
Series VII, plots 1 to 20). In the case of both experiments, 4 square 
yards had been harvested from each plot, these samples threshed, and 
the grain saved. 

On the plots that produced barley in 1918 the stubble had been 
plowed right after harvest, worked down, and seeded to rye without 
additional fertilization. Early in November a top dressing of 200 
pounds per acre of 15 per cent acid phosphate was applied to the north 
half of the plots that five months before had received phosphate alone 
and to the south half of those that had been given potash as well as 
phosphate. Thus these two series of fortieth-acre plots had, in effect, 
been subdivided into four series of eightieth-acre plots. The applica- 
tion of potash in April, 1918, both alone and with phosphate, consisted 
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of 500 pounds per acre of Nebraska potash salts carrying 28 per cent 

potash, largely in the form of carbonate. The manure-with-phos- 

phate application consisted of 12 tons per acre of manure with 400 
pounds of the phosphate, and it also was added in April, 1918. In this 
experiment in the case of each treatment there are analyses of four 

samples, each from a different plot, except with the manure and 
phosphate, where there were samples from only two. The yields are 4 
reported in Table 5 and the content of ash and P.O; in Table 6, while 
the last is shown graphically in Figure 4. 
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Fic. 4.—Effect of fertilization upon the phosphoric-acid content of winter rye at Golden Valley 
in 1919 ; 





TaBLe 5,—Yields per acre of winter rye at Golden Valley in 1919 on plots that had 
produced barley in 1918 


With With With | With , 
With n Witl phos- | phos- potash potash With ee. 
Plot No fertilise ted rf phate phate | and phos-| and phos- Bil Bn ~ ol 
pote applied | applied phate phate ' : st I ig 
once | twice once | twice pean 
| I. 
Bushels | Bushels | Bushels | Bushels | Bushels | Bushels Bushels | Bushels 
7 3.3 3.7 28. 8 27.5 19. 1 25. 4 23. 1 
12 1.5 4.5 18. 6 19. 2 23. 6 | 20. 4 21.0 
23 3.5 2.8 17.6 20. 4 21.8 | 18.3 20. 3 17.8 
28 3.7 3.8 11.6 13.0 16. 4 10. 2 12.7 18. 0 


Average 3.7 3.7 19. 1 20.0 20. 2 | 18.6 19. 3 17.9 
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TABLE 6.—Ash and phosphate content of winter rye grown at Golden Valley in 1919 
on peat soil that had produced barley in 1918 


With With 





With With potash potash With 
Constituent and With no) With phos- phos- and and With | ssure 
slot No fertilizer hihoe-8 phate phate phos- phos- manure and 
I — pos applied | applied phate phate . phos- 
once twice applied | applied phate 
| once twice 
Ash in dry matter: Percent | Percent Percent | Percent | Percent | Percent | Percent | Per cent 
7 2. 58 2. 48 2. 25 2. 18 1, 98 1.78 1, 85 
12 1. 78 1. 68 2.12 2. 08 1,78 2. 08 1. 92 i 
23 1. 81 1. 88 2. 35 2. 26 1.95 2. 22 2.15 2. 25 
28 1. 78 1. 65 2. 02 2. 25 1. 85 2. 28 1. 98 2.05 
A verage 1.99 1. 92 2.18 2.19 1. 89 2. 09 1. 98 2.15 
Phosphoric acid in 
ash 
7 26. 74 31.45 48. 88 49. 54 41.92 56. 18 45.40 
12 38. 20 41. 66 45, 28 46.15 46. 01 50. 96 50. 51 
23 37. 02 35. 64 48. 93 47.79 44.10 50. 00 46. 97 47.10 
28 35, 95 37. 58 44. 55 46. 66 41. 62 46. 93 40. 91 45. 85 
Average 34. 48 36. 58 46.91 47.53 43. 43 51. 02 45.95 46. 47 
Phosphoric acid in 
dry matter: 
7 . 69 .78 1.10 1. 08 . 83 1. 00 4 
12 . 68 . 70 . 96 . 96 . 82 1. 06 .97 
23 67 . 67 1.15 1, 08 . 86 1.11 1.01 1. 06 
28 64 . 62 . 90 1.05 .77 1. 07 . 81 . 94 
Average 67 . 69 1,03 ! 1. 04 . 82 1. 06 . 91 1.00 
Relative yields of 
grain: ¢ 
7 SY 100 778 743 516 686 624 
12 122 95 503 519 638 551 568 
23 95 76 476 551 5sy 495 549 451 
28 100 103 314 351 441 276 343 486 
Average 100 93 518 541 546 502 521 483 
Relative yields of 
straw: 4 
7 105 100 306 384 322 349 279 
12 125 106 253 312 297 292 271 
23 97 72 254 260 «=| «(238 215 266 275 
28 73 74 156 184 174 120 174 221 
Average 100 8S 242 285 258 244 248 248 


« The average yield on the four unfertilized plots, 3.7 bushels of grain and 924 pounds of straw per acre 
is placed at 100. 

The P.O; content was not affected by the potash application, but 
was much increased by both phosphate and manure. The second 
application of phosphate in some cases caused a definite increase in 
the P.O; content compared with the single application, but in other 
cases no effect was noticed. In the grain from the plots that received 
potash along with phosphate in April, 1918, but no phosphate after- 
wards, there was less P.O; than with any of the other fertilizers 
supplying phosphate. 

In the other experiment, just prior to sowing the rye on land not 
previously fertilized, acid phosphate was applied at rates of 50 to 
800 pounds per acre. The 20 plots were each 2 by 2 rods and formed 
a long series, shown as VII in Figure 1. The yields on the unfer- 
tilized plots were somewhat better than those on Series I in the 
experiment just described, which may be attributed to the fact that 
there was no removal of P.O; from VII by cropping in 1918. The 
heavier applications caused the highest yields (Table 7). 
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TABLE 7.—Ash and phosphoric-acid content of winter rye grown in 1919 at Golden 
Valley on peat soil fertilized with acid phosphate applied at different rates 


Rate per acre of acid-phosphate application 


Constituent and order of plots 


N 50 100 200 400 800 
vom pounds | pounds pounds | pounds | pounds 
Plot numbers 
l 1 10 s 5 3 2 
2 6 20 9 7 4 12 
3 11 18 15 13 
1 16 19 17° 14 
Ash in dry matter Percent Percent | Percent Percent | Per cent | Per cent 
l 1.81 1.81 1. 87 2. 45 2. 73 2. 34 
2 2. 26 1.78 2. 18 2.18 2. 35 2. 41 
5 2.16 1 95 2.15 2. 32 
4 1.71 2. 38 2.15 2.45 
Average 1. 98 1.79 2.09 | 2. 23 2. 46 2. 38 
Phosphoric acid in ash | 
l 35. 36 35. 91 37. 44 37.15 38. 83 45.73 
2 31.86 37. 64 39. 00 40. 36 39. 57 45. 64 
3 33. 34 38. 46 | 42.32 45. 69 
1 40. 94 32. 34 | 40. 93 42.04 
Average 35. 37 36.77 36.81} 40.19] 41.53 45. 68 
Phosphoric acid in dry matter | 
1 . 64 65 70 | 91 1.06 1.07 
2 72 . 67 . 85 | 88 | 93 1.10 
3 .72 75 | 91 1. 06 
{ 70 77 | 88 1.03 
Average . 69 . 66 77 | . 90 1.02 1.09 
Relative yield of grain:« 
128 222 366 | 345 381 532 
2 60 155 259 | 4265 345 368 
$ 97 302 } 221 329 
i] 115 182 | 378 255 
Average 100 188 277 342 327 450 


* The average yield on the 4 unfertilized plots, 5.8 bushels, is placed at 100. 


The proportion of P,O; was not affected by the 50-pound application 
and only slightly raised by the 100-pound fertilization, although with 
the latter the yield was nearly trebled. The heavier treatments with 
phosphate, however, distinctly raised the proportion in the grain, 
which reached as high values as on any of the older plots, Series I to 
VI, in either 1918 or 1919. 

The failure of the lightest application to increase the P,O; content 
is to be attributed to the extreme phosphate hunger of the rye, even 
after receiving this application. The yield of both grain and straw 
was at least doubled by the light phosphate application and about 
twice as much P.O; was removed by the crop from an equal area, even 
though the percentage in the grain was no higher. 


CROPS AT COON CREEK 


The Coon Creek Peat Experimental Fields are only 20 miles north- 
west of St. Paul and of the three are the most accessible to the experi- 
ment station. Immediately adjacent to them are the Coon Creek 
Sand Experimental Fields. The peat is very unproductive unless 
fertilized with both potash and phosphate. Potash applied alone is 
slightly beneficial, but with applications of phosphate without accom- 
panying potash the yields either remain unaffected or are somewhat 
depressed, indicating that the natural supply of P.O; is better than 
that of K,O. The crops of the seventh season were removed in 
1925, and no distinct change in behavior has been observed. On two 
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adjacent series the same crops have been grown in a rotation every 
year, the one series receiving both phosphate and potash each spring 
and the other remaining unfertilized. The first has continued highly 
productive, whereas the other continues unproductive. The un- 
fertilized series shows no distinct decline year by year; in the seventh 
season the crops are as good as in the first—as though the decay of 
the peat each season sets free enough P,O; and K,O to produce a 
very light crop. 

The adjacent sand fields, although decidedly lime deficient, show 
little response to potash and still less to phosphate fertilization. 

Except where otherwise indicated the crops analyzed were on land 
that had been tile-drained in October, 1918, broken during the follow- 
ing month, and worked down in April, 1919. 


HAY CROPS IN 1920 


In .May, 1919, a mixture of timothy, red clover, and alsike was 
seeded without a nurse crop on four plots—one unfertilized, one 
given phosphate only, another potash only, and the fourth the com- 
bination of phosphate and potash. The phosphate applications 
consisted of 400 pounds per acre of 16 per cent acid phosphate in May, 
1919, and half as much in April, 1920. The potash applications were 
500 pounds per acre of 28 per cent Nebraska potash salts in May, 
1918, and 100 pounds per acre of muriate of potash in April, 1920. 
A cutting of hay was taken at the end of August, 1919. On all the 
plots the stand of both the clovers and the timothy was excellent, and 
during the winter suffered no injury. On June 19, 1920, when the 
plants were about half grown, 50 of timothy and 50 of each of the 
clovers were cut off even with the ground for analysis. Although the 
combination of potash and phosphate more than doubled the yield 
in both seasons, neither caused any increase when used alone. The 
P.O; content (Table 8) was raised by the use of phosphate alone and 
unaffected by the potash alone or by the combination of potash and 
phosphate. Although the combination failed to distinctly increase 
the percentage of P,O;, it trebled the yield of hay, and hence trebled 
the amount of P.O; removed in the crop from a unit area. 


TABLE 8.—Ash and phosphoric acid in plants from clover-timothy meadow on peat 
soil at Coon Creek in 1920 





With 
With no With With potash 
Constituent and plants fertilizer soteaha phos- and 
potat phate phos- 
phate 
Ash in dry matter: Per cent | Percent | Per cent | Per cent 
Red clover 6. 70 6. 68 6. 73 7. 75 
Alsike clover 7. 58 7. 60 7. 58 
Timothy 3. 75 4.13 3. 48 
Phosphoric acid in asa | 
Red clover 5. 37 ). 39 8.17 5. 16 
Alsike clover 5. 93 5. 53 7. 52 5. 96 
Timothy 6. 93 7. 26 ee 
Phosphoric acid in dry matter: 
Red clover 7 . 36 . 36 . 55 .40 
Alsike clover : 45 - 42 . 57 44 
Timothy. J : . 26 . 30 . | ane 
Yields per acre of hay: Tons Tons Tons Tons 
Crop of 1919, Sept. 25 - bos = agi 1.07 .99 77 2. 42 
First crop of 1920, July 3 won 1. 16 -41 .&4 2. 47 
Second crop of 1920, Aug. 30 . 87 . 66 . 80 2. 24 
Sum of 2 crops in 1920. __. 2. 03 1. 07 1. 64 4.71 
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Two plots near those just dealt with were given a coating of sand, 
at the rate of 300 tons per acre, early in July, 1918, and a few days 
later, along with many other plots, seeded with a mixture of timothy, 
alsike, and red clover, a good stand resulting. Late in September 
of the same year the plots were mowed, the yield of dry hay being 
0.74 ton per acre on the one and 0.64 on the other, compared with 
0.28 and 0.37 ton on the corresponding plots receiving neither fertili- 
zer nor sand. Early in the following May each plot was subdivided 
into four parts, one of which was left unfertilized, one treated with 
potash only, another with phosphate only, and the third with the 
combination of potash and phosphate. In 1920 two cuttings of 
hay were taken, and the sanded plots, even those unfertilized, yielded 
nearly four times as much as the corresponding plots that had received 
neither sand nor fertilizer. Potash increased the yield on the sanded 
plots nearly as much when applied alone as when combined with 
phosphate. On June 19, when the plants were-about half grown, 
samples composed of 50 typical plants of the timothy and the two 
clovers were taken. 


TABLE 9,—Ash and phosphoric acid in plants from clover-timothy meadow on sanded 
peat soil at Coon Creek in 1920 


With 
Constituents and plants With no wae pier — 
fertilizer potash phate phos- 
phate 
Ash in dry matter Percent Percent ,| Percent | Per cent 
Red clover 7.15 7.33 6.05 6. 83 
Alsike 5.78 7. 28 6. 25 7. 30 
Timothy 3. 90 4.38 3. 88 4.95 
Phosphoric acid in ash: 
Red clover 3. 07 4.23 6. 60 5. 85 
Alsike 8.99 6.18 10. 56 8. 36 
Timothy 8. 97 7. 08 12.11 9. 29 
Phosphoric acid in dry matter 
Red clover 22 31 . 40 .40 
Alsike . 52 .45 . 66 . 61 
Timothy 35 .3l 47 45 
Yield per acre of hay in 1920 Tons Tons Tons Tons 
First cutting 2. 29 3. 11 1.82 3. 92 
Second cutting 1. 20 1. 51 1.71 1. 98 
Sum of two cuttings ‘ 3.49 4. 62 3. 53 5.90 


The P.O; content (Table 9) of the dry matter bears much the same 
relation to the fertilization as on the unsanded meadow, except that 
here the combination of potash and phosphate raised the percentage 
practically as much as the posphate alone. 


RYE HAY IN 1920 


Winter rye plants were gathered on June 11, 1920, from plots on the 
peat and on the adjacent sand experimental field. On each four 
treatments are represented, namely, none, potash, phosphate, and 
potash with phosphate. On the peat the fertilizer applications were 
the same as on the timothy-clover plots above, and on the sand they 
were about the same. On the peat potatoes had been grown in 1918, 
the rye having been sown as soon as these were dug, that is, early in 
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September; on the sand the rye had been preceded by a clover 
meadow. 

The average weight of the culms reported in Tables 10 and 11 does 
not indicate the relative production of dry matter on the different 
plots, as the culms were much more numerous as well as heavier on the 
plots receiving the proper fertilization. The yields of the mature 
crop, reported in the last section of the tables, very well indicate the 
relative growth on the different plots at the time of sampling. 


TaBLE 10.—Ash and phosphoric-acid content of winter rye hay from peat soil at 
Coon Creek in 1920 


With 


: With no With With potash 
Plot . Ronee phos- 
fertilizer | potash yhate | 22d phos- 
-_ phate 
Ash in dry matter: 
East per cent 5. 04 6. 08 5. 70 4. 90 
West do 4. 82 6. 20 4.45 4. 84 
Average do 4. 98 6.14 5. 07 4. 87 
Phosphorie acid in ash 
East do 8. 03 4.44 14. 04 11. 43 
West do 9. 34 5. 00 12. 81 8, 538 
Average do &. 68 4.72 13. 42 10.15 
Phosphoric acid in dry matter 
cast do 45 27 80 | . 56 
West do 45 31 . 57 . 43 
Average do 45 .29 . 68 .49 
Dry weight of 100 culms 
East grams 19 25 15 39 
West do 26 40) 38 50 
Average do 22 32 | 26 44 
Ratio of green weight to dry weight 
East 4.3 4.1 4.3 3.6 
West 4.0 4.2 3.9 4.3 
Average 4.1 4.1 4.1 3.9 
Kelative yields of dry matter in mature crop: ¢ 
East per cent 66 184 64 287 
West do 133 265 185 399 
Average do 100 224 124 343 


« The average of the yields on the unfertilized plots, 1,450 pounds per acre, is placed at 100. 


TABLE 11.—Ash and phosphoric-acid content of winter rye hay from Coon Creek 
sand experimental field in 1920 


With 
. With no With With potash 
Plot 3 e . phos- F 
fertilizer | potash - and phos- 
phate phate 
Ash in dry matter 
South per cent 4. 30 4. 58 4. 64 4. 34 
North do 4.10 4. 28 4.34 4. 34 
Average do 4. 20 4.43 4.49 4. 34 
Phosphoric acid in ash 
South do 13. 26 12. 23 12. 93 13. 36 
North do 12. 44 14. 25 13. 13 13. 59 


Average do 12. 85 13. 24 13. 03 13. 47 
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TABLE 11.—Ash and phosphoric-acid content of winter rye hay from Coon Creck 
sand experimental field in 1920—Continued 


With 
> With no With With potash 
Plot br Ronee phos- 
fertilizer | potash yhate | 2d phos- 
pm phate 
Phosphoric acid in dry matter 
South per cent 0. 57 0. 56 0. 60 0. 58 
North do - 51 . 61 57 . 59 
Average do . 54 . 58 . 58 . 58 
Dry weight of 100 culms } 
South grams 41 37 40 46 
North__. do 47 39 54 54 
Average __. do 44 38 47 50 
Ratio of green weight to dry weight: 
South 2.6 2.7 2.7 2.6 
North 2.7 | 2.7 2.9 2.9 
Average 2.6 27 2.8 2.7 
Relative yields of dry matter in mature crop: ¢ 
South per cent 91 100 86 94 
North do 108 93 111 96 
Average do 100 96 9S 95 





* The average of the yields on the unfertilized plots, 2,823 pounds per acre, is placed at 100. 
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Fic. 5.—Eflect of phosphate fertilization upon the phosphoric-acid 
content of dry matter of straw of small grains at Coon Creek 
in 1919. 


From Tables 10 and 11 it will be seen that very different results 
were secured on the two fields. On the sand, on which none of the 
fertilization improved the growth, there was no distinct effect on the 
P.O; content, while on the peat, on which the combination of phos- 
phate and potash had greatly increased the growth, there were some 
marked effects, the phosphate alone distinctly raising the P,O;, the 
potash alone as distinctly lowering it, and the combination giving 
intermediate values so similar to those obtained on the unfertilized 
plots that the treatment of the plots could not have been identified 
from the analyses. On the sand the P.O; content was comparatively 
high on all the plots and the phosphate fertilization did not distinctly 
increase it. 
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It is of interest to note that the P,O; content of the rye hay from 
the unfertilized plots on peat at Coon Creek, 0.45 per cent, is the 
same as that on a phosphate-treated plot at Golden Valley (Table 22), 
from which samples were collected on the following day, and much 
higher than that of the unfertilized rye at the latter place. 


STRAW OF SMALL GRAINS IN 1919 


In Table 12 are reported the yields and the P,O,; content of the 
straw of oats, spring rye, wheat, and flax grown at Coon Creek in 
1919, both without any fertilizer and with phosphate only. The fer- 
tilizers were applied and the seed sown early in May. The phosphate 
plots received 400 pounds per acre of 16 per cent acid phosphate. 
Both without any fertilizer and with phosphate only the yields were 
very poor. With each of the four crops the P.O, content of the 
straw was about doubled by the fertilization (fig. 5). 

Before this study was decided upon the straw from the two other 
treatments—potash only and potash with phosphate—had been dis- 
carded, but it happened that the sample sheaves of buckwheat from 
15 plots of an adjacent experiment on the peat had not yet been 
threshed, and the samples of straw from all of these were analyzed, 
K,O as well as P.O; being determined. 


TABLE 12.—Phosphoric-acid content of straw of small grains grown on peat at Coon 
Creek in 1919 


Oats Spring rye W heat Flax 

Ash and P2QOs; determinations, Ferti- Ferti- Ferti- Ferti- 

ind yields oe lized ates lized Unnier- lized Unfer- lized 

tilizea | With | titizea | Wit | titized with | titizeq | With 

phos- - phos- phos- . phos- 

phate phate phate phate 
Ash in dry matter, per cent 6.420 | 7.920 4.120 5.220) 5.550 8070) 3.630 4. 820 
P20; in ash, per cent 3. 350 5. 570 3. 520 6. 480 2. 340 3. 410 3. 310 4. 730 
P20; in dry matter, per cent . 215 . 440 . 145 . 338 . 130 . 275 . 120 . 228 
Yield of straw, in pounds per acre 1, 253 1, 707 321 349 153 145 2, 239 3, 496 
Yield of grain, in bushels per acre 14.0 15.2 | 1.3 0.5 0.6 8.3 10.4 


The land used in this experiment had been drained at the same time 
as that devoted to the preceding experiments, but only part of it had 
been broken before winter set in. The rest was plowed at the end 
of the following May and the whole used for the experiment with 
buckwheat, shown in Figure 6. The individual plots were very 
small, only 16 by 28 feet, necessitating great care in applying the 
fertilizers and in gathering the samples. Each sample was taken 
from 4 typical square yards, and the yields were computed from 
these samples. The seed was sown on three successive dates, June 
13, June 23, and July 5, but all the fertilizers were applied and worked 
into the soil at the same time—that i is, just before the first seeding. 

The potash was applied in the form of 28 per cent Nebraska 
potash salts, 500 pounds per acre. The 16 per cent acid phosphate 
was used at the rate of 400 pounds per acre, and the treble super- 
phosphate, with 48 per cent water-soluble phosphoric acid, at the 
rate of 133 pounds per acre. 
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The loss of grain from the first and second seedings through 
shattering in the field makes the data on yield of grain valueless. 
With the third cutting there was no serious shattering, and the 
yields are reported in Table 13. Neither phosphate alone nor potash 
alone benefited the crop, but a combination of the two doubled the 


yield of grain and greatly increased that of straw. 
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| | 
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‘and | 


acid phosphate 400 /bs. per acre 








Potash salts | 500 Ibs. per acre 








land | 
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treble superphosphate 133 /bs. per acre 
l 


| | 
Potash salts' 500 /bs. per acre 
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Fic. 6.--Diagram showing arrangement and fertilization of plots used in experiment with buck- 


wheat at Coon Creek in 1919 


The P.O; content of the straw was increased from three to ten 
fold by the application of phosphate, both alone and in combination 
with potash. The K,0 was doubled or trebled by the application of 
the potash salts, either alone or in combination (fig. 7). 
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TABLE 13.—Yields per acre from third seeding of buckwheat on peat at Coon Creek 






























in 1919 
| 
Fertilization Grain Straw 
Bushels Pounds 
None 13. 94 1,944 
Acid phosphate 8. 78 1, 352 
Potash salts 8. 43 1, 234 
Potash salts with acid phosphate 27. 02 3. O91 
Potash salts with treble superphosphate 26. 81 3, 291 


STRAW OF SMALL GRAINS IN 1920 


In the spring of 1920 a block of eight plots that had been fertilized 
the year before and planted to potatoes was refertilized and sown to 
small grains. On three of the plots the crops made a good growth, 





P,Q FIRST SEEDING SECOND SEEDING THIRD SEED/NG 
une 43 lune 2. Yuly & 


3 
[| No fertilizer f4 Potash 3 Phosphate FH Phosphare with potash 


Fic. 7.—Effect of fertilization upon the phosphoric-acid content of dry matter of buckwheat straw 
at Coon Creek in 1919 


until very heavy rains during the first part of July raised the water 
table almost to the surface, and it remained so high for several 
weeks, in the case of many of the plots, that the later growth was 
very poor. The injury was least on the most westerly plot, No. 1, 
which was nearest to a tile line, and increased up to No. 8, which was 
farthest from the drain. This accounts for the difference between 
the yields from duplicate plots and to some extent for the difference 
in the P.O; content of the straw from duplicate plots. 

Plot No. 1, which should have received only potash, showed such 
a good growth of various crops that it was suspected phosphate 
might have been applied to this by mistake. To get some information 
on this point, P.O; determinations were made on such of the straws 
as could be identified, the tags from some having become detached. 


13707—26 2 
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TaBLE 14.—Composition of straw of buckwheat grown on peat at Coon Creek 


Constituent and seeding 


Ash in dry matte 
irst 
Second 


Third 
A verage 


Phosphoric acid in ash 
irst 
Second 


Third 
Average 


Phosphoric acid in dry matter 
First 
Second 


Third 
Average 


Potash in ash 
First 
Second 


Third 
A verage 


Potash in dry matter 
First 
Second 
Third 
Average 
Relative yields of straw: ¢ 
First 
Second 


Third 


A verage 


With no 
fertilizer 


Per cent 


5.17 
4.70 
5. 30 


5. 06 
1. 93 
3. 83 
1. 70 
2.49 
.10 


18 
. 69 


100 
100 
100 


100 


te 
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With 
potash 


} 
Per cent 


45 
13 


. 5 


03 


. 24 
1.47 


00 


. OS 
. 09 
oH 
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Per cent 
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With 
phos- 
phate 


18. 83 


22. 62 


. 90 
. 61 
1. 04 


1. 06 
1. 30 
. 90 


92 
99 
69 


87 


Vol 


With 
potash 
and acid 
phos- 
phate 


Per cent 


47. 


145 
144 
169 


153 


53. 00 


. 33, No. 8 





in 1919 


With 
potash 
and 
treble 
super- 
phos- 
phate 


Per cent 
5. 58 
6. 95 
6. 58 


6. 37 





137 
160 
160 


152 


» The yields on the unfertilized plots on the three dates, respectively, 3,159, 2,6€9, and 1,944 pounds per 


wre, are placed at 100 














in 1920 


Constituent and fertilization Plot 


Ash in dry matter 


None__.. 
Do 
Average 
Potash 
Do 


Average_. 


Phosphate 
Do 
Average 
Phosphate and potash 
. ee 
Average 
I’! osphoric acid in dry matter: 
None oon - 
Do.. 
Average 
Potash 
Do 


A verage 


Phosphate 
Oo 


Average. 


Phosphate and potash 
do. 


Average_. 
Yields per acre of straw and grain: 
None 
Do 
Average 
Potash 
Do 
Average 
Phosphate 
0 
Average 


Phosphate and potash 
0 


Average 
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Per cent 





. 06 
. 07 


. 05 
. 06 


Pounds 
1,350 
670 

1, 010 


3, 820 
2, 450 


3, 135 


3, 890 
1, 290 


2, 590 


4, 290 
2, 970 


3, 630 


case of the straws in the preceding season (Tables 12 and 14). 
very great accumulation of P.O; in the straw on plots 3 and 7 was due 
to the very light growth of the crops on those plots. 
content of P.O; in the five samples from plot 1 makes it evident that 
no application of phosphate had been made to this by mistake, and 
if it received any phosphate the quantity must have been very small, 
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3. 70 


faBLE 15.—Phosphoric-acid content of grain’ straws grown on peat at Coon Creek 
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The effect of the applications (Table 15) was as marked as in the 


The 


The very low 





729 Journal of Agricultural Research Vol. 33, No. 8 





such as might be accounted for by the blowing upon it of ashes from 
a few rods just to the south, where in the spring the peat had taken 
fire during a strong south wind and burned for several hours. 


TABLE 16.—Phosphoric-acid content of buckwheat grown on peat at Coon Creek in 


1919 
” - .. | With acid 
. . , With no | With acid 
Constituent and seeding ahi enhate | Phosphate 
fertilizer phosphate and potash 
Ash in dry matter Per cent Percent | Percent 
First 1.71 2. 07 2. 05 
Second 1. 61 2. 04 1. 98 
Third 1. 59 2. 07 1. 95 
Average 1. 64 2. 06 1. 99 
Phosphoric acid in ash: 
First * 351 40.6 | 42.0 
Second ; 36. 6 41.2 | 42.9 
Third s 33.9 40.6 | 42.6 
Average . 35. 2 40.8 | 42.5 
Phosphoric acid in dry matter: | 
‘irst . 60 - 4 | . 86 
Second . 59 . 84 | . 85 
Third . 4 . 84 . 83 
Average . 58 . 4 | 85 


BUCKWHEAT IN 1919 


The P.O; and ash were determined in the grain from the buckwheat 
on nine of the plots described above (Table 16). There was an 
increase of about 40 per cent in the P.O; content and of about 25 per 
cent in that of the ash, both with the combination of potash and 
phosphate and with the phosphate alone, although the yield with the 
former treatment was three times as heavy (Table 13). Here, as 
with the buckwheat straw (Table 14), the addition of the potash to 
the phosphate greatly increased the yield without lowering the per- 
centage of P.O, in the crop. 


WINTER RYE AND FLAX IN 1920 


The grain from the duplicate plots of winter rye in the experiment 
dealt with above (Table 15) was combined and analyzed for ash 
and P.O; (Table 17). The percentages of both were somewhat 
depressed by potash alone and greatly increased by phosphate alone, 
as well as by the combination of phosphate and potash. 


TaBLeE 17.—Phosphoric-acid content of winter rye and flax grown on peat at Coon 
Creek in 1920 


> : P2035 in 
: 2 8 ° of 
Crop Fertilization Ash : - ds in dry 
ash 
matter 


Per cent | Per cent | Per cent 
1. 54 42.7 


Winter rye None 2.7 0. 67 
Potash 1. 42 40.9 . 58 
Phosphate 1.90 51.6 . 98 
Phosphate and potash 1. 83 50.8 . 93 
Flax None 3. 56 42.1 1. 50 


Phosphate and potash 4.54 43.2 1. 96 

















Samples of flax grain from two plots were analyzed. 
been cropped in 1919. 
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Both had 


One had received no fertilizer, while the 


other had been given the mixture of phosphate and potash in May, 
i919, and again in April, 1920, as described above in connection with 
Table 9. The content of both ash and P.O; was increased by the 
fertilization, the latter by 30 per cent. 

In the same season flax was grown on 12 plots on a field of peat on 
the Radisson farm, 3 miles from the Coon Creek experimental fields. 
The peat on this field is very similar to that at Coon Creek and had 
been broken the preceding fall. The crops on this were not injured 
by the heavy rains during the early part of July. 

The P.O; content of the grain bears only a rather uncertain relation 
to the fertilization (Table 18). On the two unfertilized plots it was 
low, on that given only potash still lower, and highest on the plots 
receiving 400 or 800 pounds of phosphate without the maximum 
application of the potash. The yields of potatoes and corn silage 
on adjacent portions of each plot are reported in order to indicate the 
K,O and P.O; deficiency of the peat, the data on the flax having been 
lost. There was no crop produced on the plot which was given 
phosphate alone. 


TABLE 18.—Phosphoric-acid content of flax (grain) on Radisson plots in 1920 


Fertilization, rate rs 
ertilization, rate | Yields per acre 











per acre | 
| . P205 
Plot No, Ash Pate | in dry 
Potas Acid | _ matter | Clover, ates : 
otash hes | 4 Pota- Corn 
salts — | timothy toes silage 
phate } hay 
| | 

Pounds | Pounds | Per cent | Per cent Per cent Tons Bushels Tons 
l 400 ee 0.8 2 7.5 
2 0 0 2. 95 39. 3 1. 16 .6 24 7.3 
$ 500 0 2.72 36. 4 - 99 1.0 151 12.6 
1 500 200 3. 06 36.9 1.13 | 206 20.8 
5 500 800 3. 96 40. 1 1. 59 , & | 250 26. 5 
6 1, 000 800 3.61| 36.8 1.33 2.5 304 24.7 
7 1,000 400 3. 25 38.7 1. 26 2.8 280 22. 4 
S 500 400 3.11 40. 2 1. 25 2.3 275 19.7 
+) 250 400 3. 50 40.8 1. 43 2.1 215 19. 1 
10 125 400 3. 42 41.2 1.41 1.7 119 16.5 
1] 0 0 3. 02 39.4 1.19 .8 25 5.4 
12 125 200 2. 99 38.4 1.15 2.0 128 10.0 

CLOVER AND RAPE GROWN IN BOXES OF COON CREEK PEAT 


Late in the winter of 1919-20 medium red clover was planted in 
wooden boxes, 12 by 12 by 8 inches, and filled with surface peat soil 
from an unfertilized plot at Coon Creek. One box was fertilized 
with potash salts, a second with acid phosphate, a third with the 
combination of potash and phosphate, and a fourth was left untreated. 
At the same time a parallel set of boxes was planted to dwarf Essex 
rape. Early in June the plants in the eight boxes were cut off even 
with the surface, dried, and analyzed, both P.O; and K,O being 
determined. 

With both crops the P.O; in the dry matter was unaffected by the 
potash fertilizer alone and increased equally by the phosphate alone 
and the phosphate with potash (Table 19). The percentage of K,O 
in the dry matter was raised by the potash, both used alone and 
with the phosphate, but by phosphate alone it was much depressed. 
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TABLE 19.—Composition of red clover and rape grown in plots of peat soil from 
I rape f ; 
Coon Creek 


| : > : Relative 
rele i P20s5 in - 0) j K20 in a 
Constituent and fertilization Ash ' — dry = dry — “ 
| - matter = matter | jnatter 
| 
Red clover Per cent | Percent | Percent | Percent | Per cent 
None 8. 80 4.43 0. 39 27. 27 2. 40 100 
Potash 11.15 3. 23 . 36 35. 96 4.01 100 
Phosphate 9. 25 6.49 . 60 16. 11 1.49 242 
Potash and phosphate 10. 55 | 5. 88 . 62 38. 86 4.10 233 
Rape } 
None 13. 10 | 2. 52 . 33 4. 66 . 61 100 
Potash 16.75 1.79 . 30 11. 76 1.97 108 
Phosphate 11.70 7.18 -S4 3. 33 .39 122 
Potash and phosphate 12. 00 | 6. 66 . 80 12. 25 1.47 126 


CROPS AT FENS 


The Fens peat experimental fields lie in the midst of an exten- 
sive tamarack swamp in northeastern Minnesota, about 50 miles 
north of Duluth. They have been operated by the university since 
the summer of 1915. 

The peat at Fens when first cleared of its natural cover of tama- 
racks, heath plants, and sphagnum moss is unproductive unless treated 
with phosphate, manured, or burned, by which process phosphate 
is liberated. It is not benefited by liming, and for some years after 
breaking shows little or no response to potash applications. How- 
ever, after from four to six heavy crops of hay have been removed 
from the phosphate-treated land, potash-starvation suddenly sets in, 
and after that potash fertilization becomes indispensable for profit- 
able crop production. 


TIMOTHY HAY 


In the summer of 1916 a timothy-alsike clover mixture was seeded 
on four plots broken the year before. One, No. 2, received no 
fertilizer and the others annual applications, No. 1 of potash, No. 3 
of phosphate, and No. 4 of phosphate and potash. In 1917 and the 
three following seasons heavy crops of hay were removed from Nos. 
3 and 4, the yields of these each year being much alike. On Nos. 1 
and 2 also the yields were alike, very poor on both, the hay coming 
largely from the so-called ‘good spots” discussed below. The 
clover on all the plots had practically disappeared by the end of the 
third season, leaving a good stand of timothy. 

On July 16, 1920, samples of the timothy were taken from the two 
halves on all four plots. On Nos. 1 and 2 the good spots were care- 
fully avoided in this sampling. The east half of each plot had been 
treated with nitrate of soda in May, but the effect of this, which had 
been very noticeable early in June, had practically disappeared by 
the time of sampling. The analyses are reported in Table 20. 

The P.O; was alike on the unfertilized and on the potash-treated 
plots, but 150 per cent higher on the two that had received phosphate. 
The K,O was much alike on the unfertilized and phosphate-treated 
plots and 60 per cent higher on the two receiving potash. The 
nitrate applications affected neither the yield nor the content of 
P.O; and K,0. 
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TABLE 20.—Phosphoric acid and potash in timothy at Fens in 1920 


P205 K20 Yield of 


Plot No. Fertilization Ash in dry in dry hay per 

matter matter acre ¢ 

Per cent | Per cent | Per cent Tons 
2, west__.. None ‘ 4. 20 0. 18 0. 98 1, 39 
2, east Nitrate A aie eA 4.90 18 1.19 1, 28 
Average - 4. 55 . 18 1. 08 1. 33 
1, west... Potash 4.77 . 20 1. 88 .71 
1, east. - Potash and nitrate 5. 35 . 20 1, 86 . 68 
Average 5. 06 20 1. 87 69 
3, west_... Phosphate 4. 53 53 1.31 3. 93 
i, cont... .... Phosphate and nitrate 3. 92 16 95 4.01 
Average 4. 22 49 1.13 3.97 
4, west Phosphate and potash 5. 03 . 56 1.81 3. 39 
i, east Phosphate, potash, and nitrate 4. 54 54 1. 83 3. 50 
Average 4.78 . 55 1. 82 3. 44 


* From 2 cuttings in the season. 


It is of interest to note that the K,O was as high on plot 3, from 
which heavy crops of hay had been removed in the three preceding 
years and which at the time was producing a heavy crop, as on the 
unfertilized plot, No. 2, from which only light crops had been ob- 
tained, and that on all plots the K,O was below what Wagner re- 
gards as a safe minimum, 2 per cent. On plot 3, still producing 
heavily, it had fallen to approximately half that. 


SEDGE HAY 


On an adjacent field with similar soil a succession of spring fires 
had killed the trees and burned off the sphagnum-heath plant 
cover. A good stand of sedge (Carex) had occupied the surface 
but the growth in 1919 had been light. In the spring of 1920 part 
of this unplowed sedge-covered field was laid out in large plots and 
these were treated at different rates with 16 per cent acid phosphate. 
The water level, because of the ditching and tiling on three sides of 
the field, was well below the surface at all times during the summer, 
and the fertilization showed little or no effect on the growth of the 
sedge. 

On July 16, 1920, the yield was determined by taking 6 representa- 
tive square yards from each plot, and the P.O; and K,O content of 
each of these 6 square-yard samples was determined (Table 21). 
The yields and the K,O content were not appreciably influenced by 
the phosphate application, but the P,O; content was raised as much 
as 400 per cent by the heaviest fertilization. 


TaBLeE 21.—Phosphoric acid and potash in sedge hay from Fens in 1920 


P20 in K20 in | Yields of 


Fertilization, rate per acre Ash dry dry hay per 
matter matter acre 
Percent Percent | Por cent Tons 
None P 4.35 0. 21 ¢ 1.09 
Acid phosphate, 200 pounds 4.73 . 36 1.29 85 
Acid phosphate, 400 pounds ‘ 4. 67 . 38 1.41 .99 
Acid phosphate, 800 pounds ouubeebas 4.17 1.01 1,25 - 99 
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In the failure of the sedge to respond to the same fertilization as 
the timothy the water level may be regarded as the limiting factor, 
the sedge thriving only when the water is at or a little above the 
surface. In later experiments at and near both Coon Creek and 
Golden Valley, as well as elsewhere in Minnesota, the writers have 
found that these sedges respond to the same fertilization as farm 
crops and to somewhat the same degree, provided the water level is 
favorable. Otherwise the fertilization shows no beneficial effect. 
The edges of plots fertilized in April, when 6 inches of water covered 
the surface and water continued on the surface until July, were as 
sharply outlined by their ranker growth as are timothy and clover 
plots on drained and properly fertilized peat land. 


EXPLANATION OF GOOD AND POOR SPOTS 


In fields on mineral soils good spots with a much ranker, greener 
growth of crop are common enough and are most frequently due to 
the excrement of farm animals. 

Reference has already been made to the suspicion of an inter- 
change of fertilizers in the initial applications at Golden Valley and 
to the analytical evidence that such a suspicion was not justified. 


GOOD SPOTS AT GOLDEN VALLEY 


There were 32 unfertilized plots in Series I (fig. 1), on the majority 
of which there was at least one ‘‘good spot,’’ on which the growth 
of the crop was much like that on the corresponding phosphate- 
treated plot, the plants being tall and well stooled and the yield per 
unit area many times as heavy as on the rest of the plot. In general, 
these spots have a rounded outline and range in size from about 2 
square yards to a square rod, with the best growth at the center. 
They persist from season to season, suggesting an unusual supply 
of phosphate, either from the droppings of farm animals or from 
shallow burns that occurred before the field was used for experi- 
mental purposes. 

From two such spots on one of the unfertilized plots samples of 
winter rye were taken on June 12, 1919, shortly after heads had 
appeared. At the same time samples were taken both of the typical 
poor growth on the same unfertilized plots and from the correspond- 
ing phosphate-treated plots. The proportion of P.O; in both dry 
matter and ash (Table 22) from the good spots is similar to that on 
the phosphate-treated plot, which may be regarded as evidence 
that these are due to their greater supply of available phosphate, 
whatever the source of it may have been. 


TABLE 22.—Ash and phosphoric acid in heading plants of winter rye from Golden 
Valley in 1920 


Average PoOs in P20s5 in 
Fertilization Growth weight of Ash ‘aah dry 
100 culms - matter 








Grams Per cent | Percent Per cent 


None Typical poor growth p : 10 7. 88 4.19 0. 33 

Do “Good spot’”” No. 1 on same (poor SO 4. 58 9. 83 45 
growth) plot 

Do ‘Good spot’’ No. 2 on same plot ss bated 4. 63 10. 58 49 


Acid phosphate in 1918 |. 


= 100 4.90 10. 20 . 50 
ind 1919. 
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GOOD SPOTS AT FENS 


At Fens on plot 1, potash only, and plot 2, unfertilized, somewhat 
similar but-much smaller good spots occurred, there being a much 
taller and heavier growth of hay on these spots than on the rest of 
the two plots. On July 16, 1920, four of these spots were sampled, 
and at the same time samples of timothy were secured for analysis 
from the characteristic unproductive portions of these plots (Table 
23). There is in this case nothing in the analyses, except possibly 
the lowered content of ash, to indicate the explanation of the better 
growth, but according to Wagner it is not to be regarded as exceptional, 
on soils very deficient in some one nutrient, for the crop from the 
plot treated with this nutrient to show no increased percentage of 
this along with the greatly increased growth. A somewhat similar 
case has been mentioned above—that of the winter rye at Golden 
Valley given only 50 pounds per acre of 16 per cent acid phosphate 
(Table 7). 

Wagner, as an example (26, p. 24), describes a field experiment with 
winter rye in which the straw from-an unfertilized plot contained 
0.19 per cent P,O;, whereas on one treated with 300 kgm. of acid 
phosphate and 200 of sodium nitrate per hectare the straw contained 
only 0.17 per cent. There was, however, an increased yield of straw 
and grain amounting to 2,550 kgm. per hectare. On the unfertilized 
plot, because of the shortage of nitrogen, the plants could not make 
use of the P.O; as well as they could where available nitrogen was 
supplied them. As a result, they took whatever P.O; the soil offered 
and deposited it in their leaves and stems without any correspond- 
ing growth. 


TABLE 23.—Phosphoric acid and potash in timothy from “good spots” on plots at 
Fens 


a8 Oi 
Plot . = Grows P20s in K20 in 
No Fertilization irowth Ash dry dry 

; matter matter 


Percent Percent | Per cent 


2 None Poor @ 4.55 0. 18 1. OR 
2 do .. Good spot No. 1 3. 34 Pe 1.00 
2 ...do Good spot No, 2 3. 62 .18 1.10 
1 | Potash Poor ¢ ‘ ; 5. 06 . 20 1. 87 
1 do Good spot No. 1 4. 07 ol 1.50 
1 ...do. Good spot No. 2 3. 90 17 1. 54 


* Data are averages from duplicate samples (Table 20). 
FLAX AT KARLSTAD IN 1923 


At the end of August, 1923, a field of flax adjacent to what is now 
our Karlstad peat experimental field was examined. It had been 
fertilized in the spring with treble superphosphate, using a fertilizer 
spreader, but there were streaks here and there through the field on 
which the plants were very small. A light frost a week before had 
injured the bolls on most of the plants and the yield of grain was 
light. Samples of the small plants, as well as of the common large 
ones, were collected and analyzed. The dwarfed plants contained 
4.81 per cent of ash, 1.29 per cent of K,O, and 0.18 per cent of P,O;, 
and the large ones carried 4.84 per cent ash, 1.31 per cent K,O, and 
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0.56 per cent P,O;. Evidently these poor streaks were due to the 
fact that they were missed by the spreader. 

<xperiments made by the writers in 1924 on the later established 
adjacent experimental field showed the peat to be as phosphate 
hungry as that at Golden Valley and to show as little effect from 
potash applications. 


A BENEFICIAL EFFECT OF RYE-STRAW ASH 


In 1921 a farmer near Pelican Rapids reported that on the part 
of a field of peat soil where he had scattered and burned rye straw 
the following crop was excellent, while elsewhere it was very poor. 
Concluding that the difference in yield must have been due to the 
K.O from the straw, as he knew that comparatively little P.O; is 
usually carried in the straw, he wanted to purchase a potash fertilizer, 
but consented to try 200 pounds per acre of acid phosphate on part 
of the rye which he had already seeded on the same field. At harvest 
time he reported that the yield on the phosphate-treated portion 
was many times as heavy as on the rest and sent representative 
samples of grain in the straw from both parts. These were threshed 
and analyzed (Table 24). If an analysis of straw samples had been 
made the year before it would probably have given similar indica- 
tions—that it was the P.O; and not the K,O that was deficient, and 
that although straw carries but little P,O;, this latter had sufficed to 
cause the marked improvement—akin to the application of 50 pounds 
per acre of 16 per cent phosphate at Golden Valley in 1919. 


TABLE 24.—Winter rye from Pelican Rapids 


Samples Ash P205 K20 


Per cent | Percent Per cent 


Straw from fertilized portions 7.19 0. 29 0. 39 
Straw from unfertilized portions 5 7.45 . 16 .78 
Grain from fertilized portions aed 1. 46 85 
Grain from unfertilized portions ‘ 1. 67 . 75 


In the same way an analysis of the resulting crop on a partially 
manured peat field may indicate which constituent in manure, if 
only one, is responsible for the crop improvement. Illustrations of 
this may be found in Tables 2 and 4. 


DISCUSSION OF ANALYTICAL DATA 


So much attention has been given to analytical studies by European 
investigators that the Minnesota data may most profitably be con- 
sidered in comparison with some of their findings.* 


ASH CONTENT 


No consistent influence of fertilization upon the proportion of the 
ash in the crop is shown; sometimes it is increased, at other times it 
is decreased. This applies to the grains, the cereal straws, and the 
hays. In general it appears that where the fertilization is light and 


‘ All analytical data of the writers are the averages of concordant duplicate determinations. 
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limited to the deficient nutrient or nutrients the ash content is lowered 
in the hays and straws, but where it is limited to a nutrient that is 
not deficient in the soil the ash content is raised, and where heavy 
applications are made, even of a deficient nutrient, it is raised. 


PHOSPHORIC ACID IN DRY MATTER 


The quantity of phosphoric acid was markedly raised in the grains, 
straws, and hays, except where the fertilization was very light, and 
a great increase in growth of crop resulted, as with the 50 pounds 
per acre of acid phosphate at Golden Valley. In such cases much 
more P.O; was removed in the crop per unit area, although the 
percentage in the crop was not appreciably higher. The increase 
was greatest with the straws, from 100 to even 1,000 per cent, and 
with these the maximum was found when some unfavorable factor 
limited the growth of the crop, such as a water-logged condition of 
the soil with the spring grains at Coon Creek in 1920 (Table 15), or 
too low a water table, as with the sedge at Fens (Table 21). With 
the grains—rye, oats, barley, flax, and buckwheat—the increase in 
P.O; content ranged from 10 to 60 per cent in general, but reached 
100 per cent with oats and barley and 90 per cent with peas at Golden 
Valley in the very favorable season of 1918. With the hays of clover, 
timothy, brome grass, and western rye grass it ranged from 20 to 50 
per cent in general, occasionally being higher. 

Of the different plants dealt with, where the entire plant was 
analyzed, rape showed the greatest increase, which might be expected 
from the studies of Hall, who, as mentioned above, found the related 
rutabagas the most sensitive test plants for P,Os. 


PHOSPHORIC ACID IN THE ASH 


The P,O; in the ash varies much like the P.O; in the dry matter, 
but since the ash content does not regularly vary with the fertiliza- 
tion the P.O; of the dry matter is more significant, and there appears 
little to be gained from a determination of the amount of the ash or 
the computation of the percentage of P.O; in it. 


EFFECT OF POTASH APPLICATIONS 


Where the addition of potash caused an increased yield the per- 
centage of P.O; in the dry matter was lowered, but otherwise it had 
no effect. 

VARIATION IN PHOSPHORIC-ACID CONTENT OF GRAINS 


The increase in the percentage of P.O; in the grains, as reported 
above, is very large in comparison with those found on mineral soils. 
Wagner emphasizes that the P,O; and K,O content of the grains of 
cereals shows but little variation, and Hall (8) found that the P.O; 
in the ash of barley from the Rothamsted plots showed a variation of 
less than a fifth, and that with the wheat from the Broadbalk field 
the greatest difference was less than 6 per cent. With both cereals 
he found that one extreme was shown on a plot receiving nitrogen 
only and the other on one given phosphate and potash as well as 
nitrogen. The P.O; in the ash from the barley on the burned peat 
at Golden Valley in 1918 was 100 per cent higher than in that from 
the untreated peat, and with the spring rye it was 40 per cent higher. 
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Minter, in a study of the wheat crop of successive years at Lauch- 
stadt (15) found still less effect from fertilization than was reported 
by Hall for the Rothamsted plots. 

However, in grain grown on peat, such differences are not to be 
regarded as unusual. Carl von Feilitzen reported three early experi- 
ments with oats (22, p. 96-97, 217) in which, on the plots receiving 
no phosphate, the percentages of P.O; in the dry matter of the grain 
were 0.59, 0.37, and 0.37, whereas on the corresponding plots given 
600 to 800 kgm. of basic slag per hectare the percentages were, re- 
spectively, 0.79, 0.78, and 0.63. A report by H. von Feilitzen (6) 
of the analyses of over 800 samples of different crops grown on peat 
shows what great variations may be expected. 


VARIATION IN PHOSPHORIC-ACID CONTENT OF CEREAL STRAW 


The effect of fertilization upon the P.O; content of the straw was 
much greater even than upon that of the grains, but that this is not 
to be regarded as unusual may again be illustrated from the Rotham- 
sted data, reported by Hall (8), taking the wheat from the same two 
plots referred to above. The percentages of P.O; in the ash from 
the straw of these were 2.50 and 3.73 in 1852, 1.73 and 2.78 in 1863, 
and 2.12 and 3.82 for the crops of the 10-year period 1882-1891. 
Miinter, at Lauchstadt, however, found but little effect upon the 
straw of wheat (1d). 

The great effect of fertilization upon the P.O; content of the buck- 
wheat straw at Coon Creek (Table 14) is not approached by any 
previously published data found by the writers, except in the case of 
pot experiments, where, on the one hand, an abnormal hunger may be 
induced by entirely withholding one of the nutrients, and, on the other 
hand, it may be appeased by applying this nutrient in excessive 
quantities. 


EXTREME VARIATIONS OBTAINABLE IN POT EXPERIMENTS 


In the field we should expect to find but seldom the differences that 
may readily be induced in pot experiments. An excellent illustra- 
tion of the extreme effect of differences in fertilization that may be 
obtained in pot experiments is furnished by a recent study by Pfeiffer 
et al. (19, p. 8, 12, 17), in which oats was used as the test crop and 
harvested when the grain was in the early milk. Some of their 
data have been assembled in Table 25. They used a sand practically 
devoid of available nutrients, 16 kgm. to the pot, and in each series 
of experiments supplied liberal quantities of all the nutrients except 
the one whose influence was being studied, the nitrogen, potassium, 
and phosphorus being supplied in the form of ammonium nitrate, 
potassium sulphate, and acid calcium phosphate. The results of 
these investigations accord with the field data obtained in the Min- 
nesota experiments. With extreme hunger of a nutrient the first 
or lightest applications cause a great increase in the yield, but very 
little effect upon the percentage of this nutrient in the crop. With 
increasing quantities the yields increase less markedly and the 
nutrient content more rapidly. Finally, when the applications have 
become so heavy that the yield is almost at its maximum, the propor- 
tion of the nutrient rises rapidly. This is most marked in the case 
of the P.O; and least with the nitrogen. 
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TaBLeE 25.—Variations in composition of oats caused by differences in fertilization, 
as found in pot experiments by Pfeiffer, Simmermacher, and Rippel (19) 


Phosphoric-acid variable Potash variable Nitrogen variable 
Experi- 
ment ) 
No. Added | Crop P205 Added Crop K20 Added N Crop N in 
P205s | yield in crop K20 yield incrop |* “ yield crop 
| 
| 
Grams | Grams Per cent Grams Grams Per cent Grams Grams Per cent 
1 0. 00 | 14 0.12 0.0 4 0. 55 0. 00 7 0. 61 
2 . 05 36 oan on 23 . 58 2 33 51 
3 .10 | 61 13 2 29 77 7 56 . 56 
4 - 20 | 117 .14 .4 66 . 61 .6 90 . 52 
) . 30 | 150 15 .6 92 . 66 .8 110 . 59 
6 45 169 19 9 103 eae 18 18] 87 
7 60 189 23 1.2 122 . 85 2.1 18 91 
8 80 199 . 29 1.5 115 1.12 2. 4 197 1.00 
y 1. 20 203 . 36 2.0 143 1. 25 2.7 200 1. 04 
10 2. 00 216 . 55 3.0 144 1. 76 3.0 209 1.15 
ll 3. 50 215 . 80 4.5 132 2.74 4.0 226 | 1, 38 


Variations in the P,O,; content of the crops on the Minnesota 
experimental peat fields have been almost as extreme as those found 
by Pfeiffer (79) in his pot experiments. 


PHOSPHORIC-ACID CONTENT OF HAY CROPS 


On peat probably the most interest attaches to the composition 
of the hay crops. According to Wagner’s rules, which place at 
0.65 the P,O,; content of hay crops from land so well supplied with 
available phosphate that further applications would not increase the 
yields, the analyses would suggest that the peat at Golden Valley— 
in the untreated condition so poor in available phosphate that it 
gave hay with less than 0.25 per cent phosphoric acid, and even when 
treated with phosphate less than 0.40 per cent—might well have been 
given a much heavier initial application of phosphate, as is the custom 
in continental Europe. At Coon Creek, where the phosphate hunger 
is far less pronounced, the P,O; content of the hay is higher on both 
the fertilized and unfertilized peat, but even on the former it is still 
somewhat below 0.65 per cent. 

Tacke, from a study of the composition of the ash of hay from many 
German bogs and marshes (23), concluded that Wagner’s values were 
satisfactory for meadows on peat soils, Tacke having found as the 
averages for all the analyzed samples of hay from the Bremen peat 
experimental station 0.67 per cent P.O; and 2.04 per cent K,O 
(24, p. 18). The averages for 40 samples of hay from meadows on 
peat soils fertilized with potash and phosphate were 0.70 per cent of 
P.O; and 2.49 per cent of K,O, on the basis of 16 per cent of water 
in the hay (14, p. 50). 

H. von Feilitzen (5, p. 265) disagreed with Tacke, reporting 
analyses from a large number of Swedish meadows on both high 
moors and low moors, in none of which the P.O; was found to be as 
high as 0.65 per cent. The averages of all the analyses of hay made 
at Jonkoping up to 1909 showed 0.40 per cent for P.O; and 1.67 per 
cent for K,O for the high moors (low-lime peats) and 0.35 per cent 
P.O; and 1.43 per cent K,O for the low moors (nearly all of the high- 
lime type). The yields on the meadows, he believed, would not 
have been increased by heavier fertilization with phosphate and potash; 
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and the saturation values, he concludes, are lower on the Swedish 
than on the German bogs. 

Tacke does not accept this conclusion as proven, although he 
points out that the average P.O; content of the hay from German 
unfertilized meadows on peat soils is higher than that of the Swedish 
meadows fertilized with both phosphate and potash (24, p. 313). 
In the same article he calls attention to the great variation in phos- 
phate and potash shown by different hay plants grown under exactly 
the same conditions, the P.O, ranging from 0.88 to 1.42 per cent and 
the K,O from 1.16 to 2.39 per cent, and to the influence of the weather 
of the crop season, both these constituents averaging lower in dry 
than in wet seasons, as in the latter the absorption of mineral matter 
can proceed ininterruptedly (24, p. 16). 

H. von Feilitzen reports the P.O; content of three hay grasses taken 
from a meadow fertilized heavily enough with basic slag and kainite 
to give maximum yields. In the timothy he found 0.35 per cent 
P,O;, in the reed canary grass (Phalaris arundinacea) 0.40 per cent, 
and in meadow foxtail (Alopecurus pratensis) only 0.23 per cent 
(5, p. 341-344). 


MEADOW STUDIES OF MAYR AND AHR 


The most critical experimental study of the applicability of 
Wagner’s conclusions is probably that reported by Mayr and Ahr 
(13), who in their investigations employed six meadows—two on 
peat, two on peaty soils (with a coating of only a few inches of peat 
before plowing), and two on mineral soils. In 1910, before laying 
out the meadows in plots for the fertilizer experiments, samples of 
both hay (1) and aftermath (2) were taken from each of the six, and 
in each of the five consecutive years 1912, 1913, 1914, 1915, and 1916 
samples of both hay and aftermath were analyzed. For the crops 
of each of the first four of these years there were annual applications 
of fertilizers—78 kgms. of P.O; and 100 kgms. of K,O per hectare 
but for the last year no application was made and only the residues 
of the preceding years came into play. The crops of 1910 showed 
an extreme range in both constitutents, the P.O; varying between 
0.44 and 0.92 per cent and the K,O between 1.09 and 4.20 per cent. 
The highest values were shown by a very productive meadow 
(Pfaffanger) on mineral soil, the first cutting from which in 1910 
carried 0.86 per cent PO; and 3.90 per cent K,0O; the lowest values 
were found in a very unproductive meadow (Waschanger) on peat, 
with only 0.48 per cent P.O; and 1.13 per cent K,O. From Wagner’s 
conclusions no increase from fertilization was to have been expected 
in the case of the former, but certainly a marked response to potash, 
and very probably to phosphate also, in the case of the Waschanger 
meadow. However, the subsequent experiments did not fully con- 
firm these forecasts. In the case of the productive meadow in each 
of the five seasons the applications of potash with phosphate increased 
the yield from 3 to 11 per cent, with an average of 7, while for the 
five seasons (1912-1916) on the unproductive meadow the average 
yield was increased only 18 per cent by potash alone, 5 per cent by 
phosphate alone, and 36 per cent by the two together. The content 
of P,O; and K,O of the hay from the former was quite inferior to that 
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of 1910, the averages for all the cuttings obtained in the five seasons 
on the former and on the latter 0.39 and 


being 0.65 and 1.84 per cent 


1.36. 


First cutting in 1910 


Average for all cuttings, 1912-1916 


Per cent 


of P2O5 


0. 86 


. 65 


Per cent 
of K20 


3 


2. 


90 
84 


Per cent 
of P20s5 


0. 48 


. 39 


Pfaffanger meadow |Waschanger meadow 


Per cent 


of K20 


1. 


1.13 
36 


The variations in P,O; and K,O from crop to crop on the 
Waschanger field (Table 26) well illustrate the fluctuations on all 


six meadows. 


When data from the same cutting in any season are 


compared it is seen that the application of phosphate has in every 
case markedly increased the P.O; content of the crop and the appli- 
cation.of potash has increased the K,O content. 
however, there is a marked variation in the percentage, as though it 
Thus the P.O; 
was exceptionally high in the aftermath on all plots in 1914 and 
In 1914 
it was higher on the plots given no phosphate than in 1915 on those 
There were less extreme fluctuations 


had been affected by the weather of the season. 


exceptionally low in the aftermath of the following year. 


that had received phosphate. 
from season to season in the potash conient. 
receiving potash fertilizer there was a lower percentage of K,O in 
the second crop than in the first, except in 1914. 
such relationship in the P,O; content of the crops from the plots 
receiving phosphate. 


TABLE 26. 


From crop to crop, 


In the case of the plots 


There was no 


Phosphoric acid and potash in hay, two cuttings (1 and 2) in each 


season, on experimental field at Waschanger in Austria, from report of Mayr and 


Ahr (13) 


Treatment 


Phosphoric acid in dry 
hay 
With phosphate 
Without fertilizer 
With potash 
With 
and potash 
Potash in dry hay 
With phosphate 
Without fertilizer 
With potash 
With 
and potash 


Mayr and Ahr (/3) regard the soundness 


phosphate 


phosphate 


1910 1912 


Per | Per | Per 


0. 49 
0.48 .44 .31 
44 


Per 


0.55 0. 62) 0.69) 0.65 0. 79 
41 


Per | Per 


cent cent|\ cent cent cent| cent cent cent 


1914 


Per 


Per 


.35) .45) . 46 49 

44 .45) .42) .36) .53 

-56 .61 .73| .60) .74 
23) 1.43) 1.34) 1.34) 1. 56 
24) 1.30) 1.27) 1.42) 1. 66 

. 58) 1.86) 1.75) 2.06 2.13 
55) 1.77) 1. 59) 2.00, 2. 


1915 


Per 
cent 
0. 51 
. 30 
. 35 


. 49 


00} 2. ¢ 


Per 
cent 
0. 28 
7 
. 26 
a) 
1. 28 
1. 38 


2. 16 


2. 10 


1916 


Per 


. 39 
37 


. 6 


29 
. 39 
92 


. 68 


Per 
- 44 
44 
62 
1. 21 
1. 18 
1, 64 


1. 44 


Per 
. 37 
39 
. 55 

1, 35 

1. 38 

2. 06 


1, 94 


Per 
cent cent| cent cent | cent 
0. 63) 0. 66) 0. 58 0. 59) 0. 58 


. 40 


42 


. 60 


1. 35 
1. 35 
1.85 


74 


lA verage, 1912 
| 1916 


Both 


Per 


1. 


. 39 
-41 


of Wagner’s conclusions 
as generally confirmed by their work, and consider the method of 
ash analysis worthy of a regular place in the practical control of the 
fertilization of meadows and pastures. 


However, they insist that 
the chemical composition of the crop must be regularly supple- 
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mented by the determination of the botanical composition, at Ieast 
as to the proportions by weight of clovers and other legumes and also 
of weeds. The legumes are generally richer in P.O; and poorer in 
K.O than the grasses. Mayr and Ahr consider the method less 
valuable in the case of phosphoric acid than in that of potash, con- 
cluding that ‘“‘at the present time, for deciding upon the urgency of 
potash fertilization of meadows and the degree of this, there is no 
better method than the chemical and botanical investigation of a 
properly taken sample from the first and second cutting, determin- 
ing the proportion by weight and the potash content of the main 
groups of plants.” Both diagnosis and prognosis are made more 
reliable by the analyses of samples from both the first cutting and 
the aftermath. Instead of taking the samples for analysis from the 
cured hay after the crop is gathered, 4 to 5 kgm. of green material 
should be carefully collected at the time of mowing and at once dried 
artificially without being exposed to the possibility of loss. 


RELATION OF PHOSPHORIC-ACID CONTENT OF CROPS TO 
ANIMAL NUTRITION 


The palatability and nutritive value of tame hay from peat lands 
has from time to time been suspected, and nutrition deficiencies have 
been attributed to its use. The situation up to 1912 has been 
well reviewed by both Bersch (4, p. 281-283) and Fleischer (7, p. 
59-61), who deal with the ‘licking disease’? (Lecksucht) of cattle, 
which had been observed in many scattered districts when the hay 
from peat meadows was fed to calves. In some cases it was so 
serious that it might prevent the raising of calves. The disease mani- 
fests itself chiefly in a marked tendency to gnaw and lick various 
indigestible objects—mortar, stones, wood, twine, pieces of cloth, 
hair, animal excrement. The German Central Moor Commission, 
which early devoted much attention to this problem, had Ostertag 
(18) make a careful study of it. Although Ostertag did not find the 
cause, he concluded that the disease-producing hay was harmless 
with horses; by steaming, the injuriousness could be so far removed 
that calves could be fed with it for a long time without developing 
symptoms of the disease, and by curing it so as to get “brown”’ 
hay ° all harmful qualities would disappear. If the first cutting on 
such meadows was removed very early—before the blooming of the 
grasses—it was harmless and very palatable, but the aftermath could 
not be made harmless in this manner. Fertilization with sodium 
nitrate lessened the injuriousness of the hay. The same meadows 
when pastured caused no ill effects, and when cattle affected by the 
hay were pastured on the same meadows from which the hay had 
been obtained they recovered unless the disease was already too far 
advanced. Giving of medicines and concentrates without pasturing 
was not effective; neither was the giving of sodium salts and lime. 
Bersch (4) states that Baumann and Soxhlet found the disease- 
producing hay poorer in an organic phosphorous-containing com- 
pound, though not in the P.O; content of the ash. 

After reviewing the evidence Bersch concluded that the hay from 
tame meadows on peat soil in general is just as palatable and nutri- 





5 A detailed description of the making of brown hay is to be found in Die Kultur der Wiesen, by W. 
Strecker (2/1, p. 427-429). 
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tious as that from meadows on mineral soils and that no difference 
at all exists which under all circumstances would cause the peat- 
meadow hay to have a lower value. 

Farmers in the vicinity of Golden Valley in 1919 mentioned an 
abnormal appetite shown by their cattle, similar to that in Bersch’s 
(4) description, which they observed especially during the late winter 
and spring. Since these animals were fed during the winter largely 
upon the hay from the unbroken peat lands, and this consisted chiefly 
of sedges, samples of which from the Golden Valley fields had been 
found very low in phosphoric acid—0.26 per cent in the spring of 
1921—it was suggested to the farmers who were buying treble super- 
phosphate that they add some of this to the feeds. Many did so, 
and reported favorable results. 

McClendon (//) in 1920 having mentioned that, according to Voegt- 
lin and Myers, both antineuritic and fat-soluble vitamines of wheat 
and corn products run parallel to the phosphorus content, it was 
suggested that he try a feeding experiment with the grains from 
Golden Valley whose analyses have been given above (Tables 3, 6, 
and 7), but of which the quantities were very small. McClendon 
and Henry (12) fed some of the oats and barley to rats for 65 days 
and found that the rats given the grain richer in P,O; made the more 
rapid growth. Two lots of each cereal were used, the oats being 
from the unfertilized peat, with 0.52 per cent P,O;, and the adjacent 
mineral soil, with 1.10 per cent P,O;, while the barley was from the 
untreated peat, with 0.50 per cent P,O;, and from the burned peat, 
with 1.06 per cent P,O;. The very limited quantities of the grains 
that had been saved prevented any more extensive experiment at 
that time. 

The great interest that has arisen in the last few years in the use 
of mineral supplements in livestock feeding, the extensive and rapid 
development of clover-timothy meadows on peat land in Minnesota 
and the frequently expressed suspicion as to the feeding quality of 
the well-cured clover and timothy-clover hay grown upon the well- 
fertilized peat meadows have redirected the attention of the present 
writers to this subject. If the desired minimum percentage of 
P.O; in the cured hay, from the standpoint of the animal feeder, 
should be established at a value much above the Swedish average of 
0.40 per cent, the writers’ recommendation as to phosphate fertiliza- 
tion of peat meadows will need modification. These were based 
upon what their experiments showed to be the most economical appli- 
cations for the production of hay—rates that will give a little below 
the maximum obtainable yields—the final increases in the field, as 
in Pfeiffer’s (19) pot experiments described above, being brought 
about only by very heavy applications (Table 25). 

In the case of a large tract of sedge-covered peat near Coon Creek, 
broken, fertilized, and seeded in the spring and early summer of 
1925, fifty ~5-acre plots were seeded with a mixture of alsike red 
clover, and timothy in May, and in early June fertilized with treble 
superphosphate and muriate of potash in varying amounts. The 
hay was cut on September 18. The application of 100 pounds of the 
phosphate and 200 pounds of the potash (44 pounds of P.O; and 99 
pounds of K,O) per acre gave almost as high a yield—2.2 tons per 
acre—as an application in the same proportions but at double the 
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rate. Hence the lighter application would be distinctly more profita- 
ble to the owners of the meadow, who keep no stock but sell the hay. 
The unfertilized plots yielded 1.1 tons per acre with 0.31 per cent 
P.O; and 1.35 per cent K,0. The crop from the lighter fertilization 
contained 0.38 per cent P.O; and 1.69 per cent K,O while that from 
the heavier application carried 0.54 per cent P.O; and 3.19 per cent 
K,O. 

The 2.20 tons of hay from 1 acre in the case of the more heavily 
fertilized peat carried 7.04 pounds more P,O,; than the more lightly 
fertilized, but to obtain this increase 44 pounds additional P,O; was 
applied in the fertilizer. If it should prove that additional P.O; in 
the feed is desirable and a pound of P,O; given in the form of bone 
meal or some other carrier of calcium phosphate should prove as 
effective as an equal amount in the hay, it would be much more 
economical to so supply it rather than to add many times as much to 
the soil. If some feed richer in PO, than hay were included in the 
ration, this would affect the case. 

The very favorable views on the feeding value of hay from peat 
meadows expressed by Bersch may be based largely on observations 
on the use of hay from meadows given very heavy initial applications 
of phosphate, such as he recommends (1, p. 43; 4, p. 165), 110 to 270 
pounds per acre of P.O; in the first year and 55 to 160 in the second, 
making 165 to 435 pounds in the first two seasons, equivalent to 
1,030 to 2,720 pounds of 16 per cent acid phosphate. The writers, 
on the other hand, find about 300 pounds in the first year and 150 in 
the second to be generally the most profitable. The possibility of 
the “licking disease’”’ being connected with a low P.O; content of 
the hay has not been overlooked in Germany and Austria. 

If it should be found desirable to use a heavy initial application of 
phosphate in order to increase the P.O; content of the crops, the 
increased expense occasioned by this would usually not be prohibitive 
where the owner did not intend to soon sell his improved peat land, 
as there is no leaching out of the applied P.O; in the case of the high- 
lime peat soils. 


HAY FROM PHOSPHATE-HUNGRY MINERAL SOILS 


Phosphate hunger in Minnesota, although found in its most ex- 
treme development in some of the peat soils, is by no means confined 
to these, being very common in about a third of the State—on the 
dark prairie soils of the western and southwestern counties. West 
of a line drawn northwestward from Albert Lea, near the Iowa 
boundary, to Roseau, near the Canadian border, it would appear 
from the field experiments of the Division of Soils that on at least 
one-third of the fields acid phosphate, either in the form of the 
ordinary 16 or 20 per cent product or of the concentrated 44 per 
cent material known as treble superphosphate, can be used with 
profit on alfalfa and the clovers, the crops most responsive to phos- 
phate fertilizers. Wheat and barley show less response, and oats 
and corn still less. The phosphate hunger is not limited to any 
particular soil types, although, on the whole, the naturally poorly 
drained lands show the most marked response. It appears on the 
fields of the most intelligently managed livestock farms, as well as 
on the unmanured fields of the tenant farms. The use of a short 
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rotation, including clover, the feeding on the farm of all the crops 
grown on it, and the prompt return of the manure to the fields, with 
the sale of chiefly young beef animals, seems rather to hasten than to 
delay the appearance of phosphate deficiency in the soil. 

With P. R. MeMiller the senior author tried applications of 100 
pounds per acre of treble superphosphate on about 30 fields of red 
clover and alfalfa in Jackson County in 1923 and 1924. Somewhat 
more than 60 per cent of these showed a marked response to the fer- 
tilizer. To determine whether the analysis of the crops might indi- 
cate a P.O; deficiency in the soils, analyses were made of samples of 
hay from 10 of the fields, including those that had shown the greatest 
response (fig. 8). In each field the hay was carefully gathered from 
4 representative square yards on the fertilized plot and from a sim- 
ilar number on the adjacent unfertilized portion of the field. The 
samples were dried, weighed, and later analyzed (Table 27). The 
P.O; content of the hay from the unfertilized land ranged from 0.38 
to 0.57 per cent, with an average of 0.49 per cent. That in the hay 
from the fertilized plots ranged from 0.52 to 0.89 per cent, with an 
average of 0.74 per cent. Neither the quantity of P.O; in the hay 
from the unfertilized land nor the increase caused by fertilization is 
distinctly related to the degree of phosphate hunger as indicated by 
the increase in yield. 

Crop analysis does not appear promising as a practical method of 
detecting the phosphate-hungry fields on these prairie soils and i 
not to be compared in desirability with the use of small-plot ‘aiale. 
which may be satisfactorily carried out by any intelligent and inter- 
ested farmer. A dollar’s worth of phosphate is sufficient for twenty 
jy5-acre plots—usually enough for a whole farm. 

The P.O, content of these Jackson County hays, even from the un- 
fertilized land, is high compared with that in clover and timothy hay 
from the peat experimental fields. The analyses of some samples 
from Golden Valley and Coon Creek, collected by G. H. Nesom in 
1922 and 1923, are ‘reported i in Tables 28 and 29. 

At Golden V alley in 1922 the hay from the plots receiving phos- 
phate contained less than 0.40 per cent P,O;. The yield was so 
greatly increased by the phosphate, however, that from eight to twelve 
times as much P.O, per unit area was removed in the crop. In 1923 
with the lighter yields, the P,O; content was higher in the hay from 
both unfertilized and fertilized plots. 

At Coon Creek in 1922 the timothy from the plots receiving phos- 
phate and potash contained but little more P.O; than that from unfer- 


- 


tilized mineral soil in Jackson County (No. 7 in Table 27). 
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Fic. 8.—Hay samples from mineral soil in Jackson County in 1923. Each bundle is from 4 
square yards, the right in each of the 10 pictures being from unfertilized land, and therefore 
smaller, and the left from the phosphate-treated plot. The analyses are reported in Table 27 
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No. 
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) 

4 

6 

4 ‘ 
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10 

Average 


None .. 
Potash____. 
Phosphate 


None....-. 
Do. 


Potash. 
ae 





TABLE 27. 


TABLE 28.- 





Phosphate and potash _- 
Heavily burned in 1918 _- 


TABLE 29. 


Pro- 

por- 

tion 

of 

Owner —_ 
hay 

P. ct 

J. ¢ 80 
( I 80 
E.M 90 
A.G 100 
A.S b 90 
W.s 110 
G.G 100 
C.F 0 
S. Ha 100 
8S. Ho 60 
sl 


Fertilization 


Phosphoric-ac 
mineral soil 
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in Jackson County (first cutting in 1923) 


P20; in dry matter 


Rela- 
With With | tive 
no shos- amount 
fertil- awd with 
izer phate phos- 
phate + 


P.ct.| Pia P. ct 


0. 55 0.75 136 
. 56 77 137 
.48 . 67 139 
.49 .78 159 
.49 . 80 163 
51 . 89 174 
. 57 84 147 
. 38 . 52 137 
.49 ae 159 
. 42 | 65 155 
.49 .74 150 


* Yield on unfertilized plot is placed at 100 
> Per cent in sample from unfertilized plot is placed at 100. 


P20; in dry matter 
Plot 


1922 1923 


Percent Percent 


-XI 0. 26 
XI . 25 
Il ¢ . 38 
II > .29 
, oe 


* Data for 1923 from plot B-XII. 


Fertilization 


Average_. 


922 








id content of hay samples from clover-timothy fields on 


Ash P20; in ash 

Rela- Rela- 

With tive With With tive 
} amount no . amount 

phos- } fertil- phos- witl 
yhate | With rhe phate me 
I phos- | izer phos- 
phate ° phate > 


P. ct P. P.ct.| P.ct.| P. et. 


10. 60 124} 6.46) 7.08 109 
12. 39 119 5. 39 6. 21 115 
10. 30 115 5. 36 6. 50 121 
11.29 119 5. 20 6.91 123 
11.73 112 4. 68 6. 82 145 
10. 49 111 5.41 8. 98 156 
10. 20 91 5.13 8. 23 160 
8. 52 120 6.13 7.19 117 
13. 42 104 5.19 6. 63 127 
9. 43 100 4. 46 6. 89 154 
10. 83 111 5. 34 7.14 133 


Phosphoric-acid content of red-clover hay on Golden Valley peat experi- 


mental fields in 1 and 1923 


Ash in dry matter | Yield of hay per acre 


1922 1923 1922 1923 
Percent | Percent Tons Tons 
9. 41 8. 09 0. 43 0. 16 
9. 88 9. 92 . 46 . 04 
6. 92 7. 43 3. 94 ~ 85 
9. O8 7. 53 3.75 1, 09 


> Data for 1923 from plot B-XI1V, 


Phosphoric-acid content of timothy hay on Coon Creek experimental 
fields in 1922 


P20; in Ashin | Yield of 


Plot dry dry hay 


matter matter per acre 





Per cent Tons 
II-I 3. 79 0. 67 
Il-I 3. 83 | 85 
‘ 3. 81 | 
-II-4 4.51 
I+ 4. 3! 
4. 4: 
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SUMMARY 


With grain, straw, and hay from unfertilized and adjacent ferti- 
lized plots determinations were made of the ash and P.O, content, 
and in some cases of the K,O also. 

The ash content of the crop was in some cases increased but in 
other cases decreased by fertilization. In general, with the cereal 
straws and the hays, where the fertilization was limited to the deficient 
nutrient or nutrients, the ash content was lowered when the rate of 
application was low, but raised when it was high, and where the 
fertilization was limited to a nutrient that was not deficient the ash 
content was raised. 

The P.O; content of the hays, straws, and even grains grown on 
phosphate-hungry peats was low, this being most marked on the straws 
and least in the grains. It was greatly increased by phosphate fertili- 
zation, most in the straws and least in the grains, except where the 
application was very light and a greatly increased yield resulted. It 
was greatest where some unfavorable factor, other than the supply of 
nutrients, caused a low yield. With the straws the increase in some 
cases amounted to several hundred per cent, with the hays from 20 to 
50 per cent, and even higher, and with the grains usually between 
10 and 60 per cent. The P.O, content of a hay crop grown on a plot 
receiving the same fertilization each year is so affected by weather 
conditions that in one season it may be as high on an unfertilized 
plot as in the next on an adjacent phosphate-treated plot. The 
P.O; determination has most significance when comparisons are made 
between fields or plots of a crop in the same locality and in the same 
season and with hay crops of the same cutting. In the case of hay 
crops it is important that the analyses be made of the separated 
important components instead of the mixed samples containing 
unknown proportions of different plants. 

The percentage of PO; in the ash varies much like that in the dry 
matter, but as the ash does not vary regularly with the fertilization 
the proportion of P.O; in the dry matter is more significant than is 
that in the ash, and there appears little to be gained from the compu- 
tation of the percentage of P.O, in the ash. 

Potash applications affect the P.O; content of the crop as they 
affect the yields. When potash increases the yield it lowers the 
percentage of P.O; in the crop. In some cases an application of a 
mixture of potash and phosphate will greatly increase the yield of 
grain without raising the proportion of P;O;.. Where a potash appli- 
cation does not increase the yield it increases the percentage of ash, 
and hence lowers the proportion of P,O;. 

The extreme variations in P,O; content found, although much 
greater than those reported for crops grown on mineral soils, are 
not wider than those found for crops on peat lands in Sweden, Ger- 
many, and Austria, nor wider than those found in pot experiments. 

The analysis of the crops is very useful in detecting mistakes in 
the application of fertilizers—either the substitution of one nutrient 
for another or the omission of one from an intended mixture. It also 
will frequently serve to explain the cause of productive spots and 
areas on unfertilized fields or plots of a peat that is elsewhere un- 
productive. 
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Definite limiting values for the P,O; content of a crop, both an 
upper one, indicating that the phosphate supply in the soil is adequate 
for approximately maximum yields, and a lower one, indicating that 
heavier phosphate fertilization is practically certain to cause a great 
increase in yield, are difficult to place, at least for peat soils, since 
values that would apply for seasons or localities with favorable 
weather conditions, and consequent heavy yields, are likely to be so 
high as to require unprofitably heavy fertilization. 

If animal nutrition investigations of hays from peat lands should 
lead to the conclusion that a certain minimum content of P.O, in 
the hay is desirable from the standpoint of the feeder, it can be se- 
cured by a heavy initial phosphate application, but with a decreased 
profit for those peat-meadow owners who produce hay for sale. 
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THE PREPARATION AND EFFECTIVENESS OF BASIC 
COPPER SULPHATES FOR FUNGICIDAL PURPOSES' 


By E. B. Houuanp, Research Professor of Chemistry, and C. O. DunBAR and 
G. M. GiLuican, Investigators in Chemistry, Massachusetts Agricultural Experi- 
ment Station 


INTRODUCTION 


The practice of treating certain plants with copper fungicides has 
created a demand for a ready-made product to be used in place of 
Bordeaux mixture, since the latter is unstable and somewhat difficult 
to prepare. Numerous preparations, both wet and dry, have been 
offered as substitutes. Most of these have proved rather unsatis- 
factory. This led the writers to undertake further study of the 
subject with a view to producing a powder of good physical properties 
that might be applied either as a spray or as a dust. Since basic 
copper sulphates have generally been found preferable to basic 
carbonates, attention was turned largely to these. 


EARLIER INVESTIGATIONS 


Basic copper sulphates are insoluble copper compounds resulting 
from the action of alkali or alkaline earth hydroxides or carbonates, 
short of saturation, upon copper sulphate, although other precipitants 
are occasionally pte: ee Pickering (10, p. 1982)? has shown that 
different hydroxides react in substantially the same way, but that 
the color of the basic sulphate varies with the kind and quantity of 
alkali used and with the degree of hydration through different shades 
of green and blue. Some writers (8, p. 261) question, however, 
whether the precipitates are definite compounds or mixtures—i. e., 
solid solutions—but the following appear sufficiently established to 
warrant consideration: Dibasic sulphate, 3CuO.SO;.nH,O; tribasic 
sulphate, 4CuO.SO;.nH,O; tetrabasic sulphate, 5CuO.SO;.nH,O; 
nonobasic sulphate, 10CuO.SO;.nH,0; and pentabasic disulphate, 
7Cu0.2S80, nH,0. 

The dibasic sulphate is a green or greenish-blue precipitate obtained 
by boiling a neutral solution of copper sulphate (9, p. 181; 12, p. 1855); 
by adding ammonia insufficient for complete precipitation (1; 18; 
15, p. 205); by adding insufficient ammonia to a boiling solution 
(15, p. 205) or by adding insufficient alkali carbonate to a boiling 
solution of copper sulphate (15, p. 206) with careful washing and 
drying. The degrees of hydration reported are 1, 1%, 2, 2%, and 
3 mols. 

The tribasic sulphate is a green, greenish-blue, or blue precipitate 
obtained by adding fixed alkalies, sufficient for complete precipita- 
tion (0.75 mol.), to a solution of copper sulphate (16; 10, p. 1982; 
12, p. 1855); by adding alkaline earth hydroxides to Beat oe pre- 
cipitation (10, p. 1982); by adding insufficient fixed alkalies (13, 


1 Received for publication Aug. 7, 1926; issued October, 1926. Contribution from the department of 
py any Massachusetts Agricultural Experiment Station. Printed with the permission of the director 
of the station. 

? Reference is made by number (italic) to “‘ Literature cited,”’ p. 750. 
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p. 84; 5); by adding insufficient ammonia (/9); by adding insufficient 
sodium carbonate (16); by adding sodium acetate to copper sulphate 
(9, p. 182); by adding sodium silicate to copper sulphate (17) or 
by adding copper sulphate to sodium acetate (4, p. 24-37; 7, p. 212). 
The hydrations reported are 2, 3, 3%, and 4 mols. The minerals 
brochantite and langite are of rhombic structure and are said to be 
tribasic copper sulphate with 3 and 4 mols. of water respectively. 

Tetrabasic sulphate is a greenish-blue or blue precipitate obtained 
by adding alkali or alkaline earth hydroxides, sufficient for initial 
alkalinity (0.8 mol.), to copper sulphate (16; 10, p. 1982; 12, p. 1855). 
The hydration reported is 6 mols. With any additional alkali the 
mixture commences to yield cupric oxide on boiling; and with dex- 
trose, cuprous oxide (12, p. 1852, 1855). 

Nonobasic sulphate is generally a full blue, bulky precipitate 
obtained by adding alkali or alkaline earth hydroxides, sufficient for 
permanent alkalinity (0.9 mol.), to copper sulphate (10, p. 1982). 
Nonobasic sulphate is unstable, turns black on heating, with the 
formation of cupric oxide, and with dextrose precipitates cuprous 
oxide in the cold (12, p. 1852, 1855). 

Succeeding the nonobasic sulphate is a double sulphate, 10 CuO.- 
SO;.3CaO, a blue, bulky precipitate obtained by adding copper sul- 
phate to a like weight of calcium oxide as hydroxide (1/1, p. 1991, 
1997, 2000). Whether other alkaline earth hydroxides react in a 
similar manner has not been determined. The double sulphate is 
stable on boiling; but a portion of the copper dissolves in dextrose, 
in the cold, to a purple solution and precipitates cuprous oxide (12, 
p. 1852, 1855). 

A green or greenish-blue pentabasic disulphate is occasionally 
mentioned and is said to be obtained by adding an alkali hydroxide 
to an excess of copper sulphate (13, p. 34); by adding slowly a con- 
centrated solution of an alkali carbonate to a boiling concentrated 
solution of copper sulphate, with constant agitation (6); by boiling 
copper sulphate and potassium sulphate (2, p. 477; 3, p. 223; 15, p. 
204-205), or by the action of porous limestone on copper sulphate 
(8, p. 264). The hydrations reported are 5, 6, and 7 mols. Some 
writers claim brochantite is pentabasic disulphate with 5 molecules 
of water. 


PRELIMINARY WORK 


The physical properties of tribasic copper sulphate, precipitated by 
alkali or alkaline earth hydroxides or carbonates and dried, are 
often poorly adapted for fungicidal purposes, being dense and even 
gritty after careful grinding. The same is substantially true of 
tetrabasic sulphate, although it is rather more bulky as a rule; and 
nonobasic sulphate is generally too unstable to withstand drying 
without more or less decomposition. The solubility and basicity of 
the various precipitants and the solubility of the by-products are a 
matter of record and the leavening effect of a carbonate might be 
anticipated, but the necessary physical attributes of the basic sul- 
phate could not be deduced from the work previously cited. 

, Of the hydroxides the alkaline earths were more promising pre- 
cipitants than the alkalies on account of their lower activity and 
were largely employed; 0.8 mol. or more with 0 to 300 c. c. of water 
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and 7.49 gm. of copper sulphate in 100 to 300 c. ¢. of solution were 
mixed, thoroughly agitated, filtered, and dried. Heat was applied 
in some instances to facilitate the reaction. The purity of the basic 
copper sulphate is affected by the presence of insoluble by-products 
except in the case of magnesium. Eight-tenths mol. of barium 
hydroxide, Ba(OH),.8H,O, gave a neutral mixture at room tem- 
perature, but careful stirring was required to assure complete pre- 
cipitation of the copper, and the resultant blue precipitate when 
dried was hard and unsatisfactory for spray purposes. The pre- 
cipitate from a hot solution is generally unstable and turns black. 
A paste prepared by one of the writers (Dunbar), by adding a satu- 
rated solution of barium hydroxide to a dilute ‘solution of copper 

sulphate to slight alkalinity “and removing the excess water by filtra- 
tion, kept in excellent condition for months. The paste gave fair 
suspension, uniform distribution, and a visible deposit and proved 
very adhesive. One mol. of strontium hydroxide, Sr(OH),..8H,O, 
gave a neutral mixture at room temperature and a dried product 
similar to the barium precipitate in most respects. Eight-tenths mol. 
of calcium hydroxide, Ca(OH)., as milk of lime, gave a neutral mix- 
ture at room temperature on completely precipitated the copper. 

The blue precipitate on drying, even in vacuo at 40° to 50° C., was 
hard and gritty. Magnesium ‘oxide, Mg6O, is obtained in two densi- 
ties—light and heavy. Although slow to react, 1 mol. gave a neutral 
mixture and completely precipitated the copper at 40° to 60° C. 
and the resultant, while not bulky, was fairly soft. 

With alkaline earth carbonates the general procedure was to 
dilute 7.49 gm. of copper sulphate with 50 - 150 c. c. of water and 
0.8 mol. of the precipitant with 50 to 75 c. c., bring to temperature, 
add the copper to the carbonate, and teat a Da the heating for the 
period specified, with thorough mixing, filter immediately, “and dry 
slowly at moderate heat. Barium carbonate, BaCOs;, is obtainable 
in two forms, the crystalline, or witherite, and the precipitated, a 
soft, bulky powder. The latter may be prepared from barium 
chloride and sodium carbonate, or from barium hydroxide and 
carbon dioxide. The crystalline powder failed to precipitate the 
copper, but 0.8 mol. of the precipitated carbonate gave a neutral 
mixture and completely removed the copper on long heating at 80° to 
90° C. The light blue powder obtained was of poor texture and 
suspension and, although more conspicuous on foliage than the 
calcium carbonate precipitate, possessed relatively low fungicidal 
value, as determined by P. J. Anderson against the conidia of apple- 
scab fungus, Venturia inaequalis (Cke.) Wint. (Table 1.) 


TaBLe 1.—Effectiveness of basic sulphate as shown in preliminary experiments 
against conidia of apple-scab fungus 


é Number | Average Number Average 
Strength applied of germi- Strength applied of germi- 
slides nation slides nation 
; Per cent Per cent 
1 in 86 pavaissuiand 4 3 1lin171 


0 (control)... 4 49 | 0 (control) 53 
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Strontium carbonate, SrCOs, is also obtainable in two forms, the 
crystalline and the precipitated. The crystalline, the only sample 
that was available, failed to precipitate the copper on long heating, 
even at 98° C. Magnesium carbonate is apparently available in 
three forms, the crystalline, MgCO;.3H,O, and two basic carbon- 
ates, 4MgCO;.Mg(OH) )».5H,O and 3MgCOs. Mg(OH)..3H,O. Eight- 
tenths mol. of the first two gave neutral or slightly alkaline mixtures 
and completely precipitated the copper at a dilution of 150 ¢. ¢. in 
30 minutes at 80°. The resulting blue precipitates were fairly soft 
and the greatest bulk was obtained with the monobasic tetracar- 
bonate, giving a volume of about 4 c. c. per gram of copper sulphate 
employed. 

Calcium carbonate, CaCO ;, is obtainable in three forms, crystal- 
line, chemically precipitated, and physically precipitated or tritu- 
rated (whiting). The chemically precipitated, also known as 
precipitated chalk, may be prepared from calcium chloride and so- 
dium carbonate, but in the United States at least is generally made 
from milk of lime and carbon dioxide and is divided into three grades 
according to density, i. e., light, medium, and heavy. The manu- 
facturer of this product pm that the bulk of the several grades 
without tamping is approximately as shown in Table 2. 


TABLE 2.—Density of calcium carbonate 


Grade — 1 —_— 1 pound 1 pound¢ 

Cubic Cubic 

Grams Pounds inches inches 
Light... -- as —_ sepals eilediiaatel a 5. 00 19 92.0 83 
Medium. -.- ‘ antiik ine ail 6. 33 24 72.0 58 
Heavy ..... REESE MAES RSS Fe iosainenenldpankrsadekcan 9. 60 37 46.7 45 


# Data by a chemical supply house. 


The crystalline calcium carbonate failed to remove the copper in 
120 minutes at 80° C., but 0.8 mol. of the chemically precipitated 
gave a neutral mixture and completely precipitated the copper at 
various dilutions, periods of treatment, and temperatures. Little 
difference was noted between the several grades of the precipitated, 
but preference was given to the light as probably having greater 
surface area and more likely to assure complete reaction. The result- 
ing blue precipitate was soft and bulky. While a number of the 
precipitants reported were sufficiently promising to warrant further 
study, calcium carbonate was selected for investigation both on 
account of the character of the resulting precipitate and because it 
is readily obtainable and comparatively inexpensive. 


METHOD OF PREPARATION 


In choosing the method of preparation, the character and volume 
of the precipitate, and the completeness of precipitation were the 
deciding factors, although time had also to be considered. In a 
measure color was a guide. A light or greenish-blue product proved 
of better quality and more e bulky than a deeper blue. As 0.8 mol. 
of calcium carbonate per mol. of copper sulphate precipitated all the 
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copper, a greater quantity would simply reduce the concentration of 
basic sulphate and probably its fungicidal activity. A slight excess, 
0.013 gm. per gram of copper sulphate, was generally added how- 
ever to allow for moisture. The completeness of the reaction 
decreased with dilution and increased with the temperature and 
duration of treatment. With several variables more than one 
optimum might be expected. 

At a dilution of 7.49 gm. of copper sulphate in 150 c. c. of solution, 
and 2.4 gm. of calcium carbonate in 150 c. c., and periods of treat- 
ment ranging from 10 to 105 minutes, with hand stirring, the relative 
volumes of fresh precipitate in the mother liquor after standing five 
minutes were as follows: 


15° to 60° C_ ._.... Copper incompletely precipitated. 
CC : . 34.3 (average of 12 tests). 

80° . . 35.5 (average of 8 tests). 

85° _ 37.7 (average of 9 tests). 


7 
95°. ._ 17.9 (average of 4 tests). 


With 7.49 gm. of copper sulphate and 2.5 gm. of carbonate, and 


dilution, time, and temperature as stated, actual volumes in cubic 
centimeters of dry precipitate were obtained, as shown in Table 3. 


TABLE 3.—Volume of precipitate obtained with definite quantities of copper sul- 
phate and calcium carbonate at different dilutions, temperatures, and periods of 
time 


| 
Duration) Dilution | Dilution 
‘Temperature of 50and | 100 and 


Dilution 150 and 
F, » » 
heating | 50c.c. | 100c. c. ndiactiees 


0 ¢ 


°C, Minutes Ge i Ge C. ¢. 

50 . ee: 100 28 | 35 | Soluble copper. 
0 . 55 61 | 47 Do. 

65 <3 60 71 | 57 Do. 

70 60 67 | 62 Do. 

75 60 78 | 48 | 63. 

80 ee 60 70 | 79 | 69. 

85 60 63 | 70 | 71. 

90 ¥ ‘ . 60 61 | 69 | 71. 

Ys . 60 50 | 53 | 57. 


With the same weight of constituents, and with dilution, time, and 
temperature as stated, the bulks shown in Table 4 were obtained: 


TaBLe 4.—Volume of precipitate obtained on heating definite quantities of copper 
sulphate and calcium carbonate at a constant dilution and temperature for different 
periods of time and filtering immediately and after standing 60 minutes 


Filtered 
Duration Filtered after 
Temperature of Dilution imme- | standing 
heating diately 60 
minutes 


°C. Minutes C.c. Ce. 
80 15 | 150 and 50c¢.c¢ 80 65 
80 od 30 = . 83 72 
80 45 |.....do eo 76 65 


seuss 73 
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At a dilution of 100 and 50 ec. c., 30 minutes, 80° C., and moderate 
stirring, with five different lots of precipitated calcium carbonate, 
the volumes of dry precipitate obtained were 86, 48, 65, 49, and 49 
c. ¢., respectively. On repeating the tests with more thorough agita- 
tion the first sample of calcium carbonate gave dry precipitates of 

9, 108, 103, 102, 71, 92, and 93 c. ¢., and the fifth sample of 97 and 
65¢.c. Ata dilution of 150 and 75 ec. ¢., the first sample of carbonate 
gave 111 ¢.c. and the fifth 76 ¢. c. None of the preparations reported 
contained more than a trace of soluble copper by the ferrocyanide 
test, and in the last-mentioned cases none. As the reaction could not 
be controlled until the limiting factors were recognized, considerable 
variation was to be expected, but certain outstanding features were 
noted. 

1. Substantially complete precipitation of the copper was obtained 
at 50° to 75° C. in high concentration. 

2. With a total of 100 c. c. of water, the bulkiest precipitate was 
obtained at 75° C.; with 200 c. c. of water at 80°; and with 300 ec. c. 
at 85° 

Immediate filtration at the completion of the reaction was pref- 
erable to allowing the mixture to stand. 

The most voluminous precipitates were obtained in about 200 
c. c. of water, in 30 minutes at 80° C. with thorough agitation, al- 
though other correlations may yield similar results. 

Thorough stirring facilitated the reaction and increased the volume 
of the precipitate and, as a rule, the more bulky the basic sulphate 
the better is the suspension. By the adoption of an electrical stirrer 
more uniform results and a better product were obtained, and by 
regulating the flow of the dilute copper sulphate into the carbonate 
control was practically assured. The process finally evolved was as 
follows: 7.49 gm. of copper sulphate in 150 c. c. of solution heated to 
80° C. were added in 5 to 6 minutes to 2.5 gm. of precipitated calcium 
carbonate, in 75 c. c. of water, at 80°, stirred vigorously for 30 
minutes (including the period of precipitation) at 80°, filtered im- 
mediate i dried at a low temperature, and passed through a 0.5 mm. 
sieve. The yield of air-dry basic sulphate, calcium sulphate, and 
excess carbonate was 7.07 gm.—the average of 60 determinations. 


TABLE 5.—Volume of basic copper sulphate precipitate 


Precipitation period " ——e Volume 
Number 7 of aa 
Grade of sam- _ Lappe 
ples | ws os, 
ange erage tange oraga | alter re- 
Range Average Range Average sieving 
Minutes Minutes C. ce. C. €. Cie. 
l ‘vasa . . intcbin 30 3. 33-17. 25 | 6+ 97-115 105 15. 63 
2 eaten ‘ - 26 3. 50-18. 00 12+ 72-94 81 12. 35 
. = 4 16. 00-21. 50 19+ 66-70 | ae 


The volume of the basic ores varied inversely with the depth 
of color. Grade 1 (Table 5) was light blue, grade 2 a more decided 
blue, and grade 3 slightly darker. The color apparently increased 
with the amount of tetrabasic sulphate according to the hypothetical 
combination. (See Table 6.) The copper content of the crude 
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basic sulphate on an air-dry basis slightly exceeded that of crystal- 
line copper sulphate (theoretical 25.457 per cent). 


TABLE 6.—Composition of the three grades of basic copper sulphate 


Components Grade 1 | Grade 2) Grade 3 


Per cent | Per cent | Per cent 





Water at 100° C., H;0 7. 880 8. 900 

Cuprie oxide, CuO ___- 32. 732 22. 356 

Copper, metallic, Cu_._- (26. 150)| (25. 850) 

Caleium oxide, CaQ__- 17. 750 17.770 

Carbon dioxide, C O2 . 803 . 805 

Sulphur trioxide, SO3___- 30. 930 30.790 . a 
U naccounted-__...__- 9. 905 9.379 . 


100. 000 100. 000 


Hypothetical combination 


Water, H2O 7. 038 
Tribasic sulphate, 4CuO.SO3 11. 394 
Tetrabasic sulphate, 5CuO.SO; 28. 383 
Calcium sulphate, CaSO4.2H20 i 51. 361 
Calcium carbonate, CaC Oz 1, 824 





100. 000 100. 000 


Since the laboratory used by the writers is not equipped for quan- 
tity production, arrangements were made with a chemical firm to 
manufacture the basic copper sulphate. Fifty pounds were obtained 
for field work in 1925 and 250 pounds in 1926. The 1925 product 
was distinctly blue, flourlike, and of poor flow. The first shipment 
of 1926 was lighter blue and of better flow, but the second was 
less satisfactory. The density and copper content of the commercial 
product are given in Table 7. 


TABLE 7.—Density and copper content of the commercial basic copper sulphate 


Volume 
per gram 
after 
resieving 


Shipments Copper content 


Ce. Per cent 
1925 r : 5. 94 26. 38 (9. 12 H2O) 
1926, first = 4 ft 7.94 26. 50 (8. 80 H2O) 
1926, second 6. 21 26. 31 (8.11 HO) 


LABORATORY TESTS OF FUNGICIDAL EFFICIENCY 


The activity of basic copper sulphate against the conidia of apple- 
scab fungus, Venturia inaequalis (Cke.) Wint., was determined by 
P. J. Anderson, formerly of the department of botany of this station. 
Glass slides were sprayed on one end with the mixture at the strength 
stated, the other end serving as a control, and exposed to the air for 
24 hours. Drops of water containing spores of the fungus were then 
placed on the slides, which were kept in a moist chamber, and the 
percentage of germination was determined at the end of 24 or 48 
hours (substantially the method of Reddick and Wallace (14). See 
Table 8. 
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TABLE 8.—Effectiveness of basic sulphate against conidia of apple-scab fungus 


, | Copper r > 
Copper in the we ? ar . : Number 
fungicide Strength of application content of slides 


Germination average 
of spray 


Grams Per cent | Per cent 
26.50 per cent... -----| 1 in 1606. ¢.- en 0. 176 4 0 in 24 hours. 
0 (control) peteueniienniie oy BPE: 4 | 47 in 24 hours. 
26.50 per cent.....__.- i) )* aes . 088 2 | Oin 24 hours. 
0 (control) oe EE See 2 | 30 in 24 hours. 
SE.ES Her CUA ....0nc cs] 1 IC. 6.22655 -002525-- - 176 | 2 0 in 48 hours. 
0 (control)......_- Se eee 2 , 20 in 48 hours, 
26.50 per cent..... -- Lin 300 ¢. e....- naan . O88 | 2 0 in 48 hours. 
0 (control) -_._- denuboitdeiinie 2 20 in 48 hours. 
26.50 per cent....- 1 in 600 c. ¢..-.... eaaciene O44 2 Trace in 48 hours.’ 
| en Hee een 2 20 in 48 hours, 


The last three entries are repeated tests. 
* Unchanged after 72 hours. 
> The term “trace” indicates that a few spores produced abnormal short germ tubes. 


Samples of the three grades of basic sulphate were submitted to 
William L. Doran, of the department of botany, for additional tests 
with spores. He employed spores of the following fungi, using the 
method of Reddick and Wallace (14): Apple scab, Venturia inaequalis 
(Cke.) Wint.; carrot leaf spot, Cercospora apii Fres. var. carotae Pass. ; 
gray mold of lettuce, Botrytis cinerea Pers.; carrot blight, Macro- 
sporium carotae E. and L.; snapdragon rust, Puccinia antirrhini 
Diet. and Holw. 

As a basis of comparison, Bordeaux mixture of different concen- 
trations was used, as follows: 

Approximate 


copper content 


Bordeaux mixture (per cent) 


8.00 :8.00 :50 i ais agin a a 0. 5000 
4.00 :4.00 :50 . 2500 
2.00 :2.00 :50 ~~ se 
1.00 :1.00 :50 P z . 0625 
60 : .50 :50 . .-0312 
S36: 2 . 0156 
125: .125:50 . .0078 


TABLE 9.—Inhibiting effect of copper in Bordeaux mixture and in basic copper 
sulphate 


Per cent of copper in fungicide as used 


Fungi Bor- Basie copper sulphate No. ae Se 
deaux 
mixture 
1:1 1 2 3 
Y. teanneiie f 0, 0078 0. 0078 0, 0078 0.0078 Germination. 
+ eo \ . 0156 . 0156 . 0156 .0156 No germination. 
“ar i ia f . 0312 . 0625 . 0625 . 9625 | Germination. 
©. apil var. carotae \ . 0625 . 1250 . 1250 .1250 | No germination. 
B. cinerea f - 0156 . 0156 . 0156 .0156 Germination. 
; \ 0312 . 0312 . 0312 .0312 No germination. 
0625 1250 . 1250 . 1250 Germination. 
M. carotae * 198 : rs Ps 7 er 
I. carotae.. { . 1250 . 2500 . 2500 . 2500 No germination. 
“e a f . 5000 . 5000 . 5000 . 5000 Germination. 
P. antirrhini \ 1 peice : No germination. 


The three grades of basic copper sulphate (Table 9) proved equally 
effective, but less so than Bordeaux mixture with the more resistant 
fungi 

gi. 
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FIELD TESTS 


Laboratory tests, such as reported, are undoubtedly indicative of 
relative toxicity, but since control in the field is the main objective 
experiments were conducted by E. F. Guba at the Market Garden 
Field Station at Waltham, Mass., during the season of 1925 on 
cucumbers and celery. The cucumbers were inoculated with anthrac- 
nose, Colletotrichum lagenarium (Pass.) Ells. and Hals., on July 21, 
about two and one-half weeks Bi vining had begun (July 3), and 
with downy mildew, Peronoplasmopara cubensis (Berk. and Curt.) 
Rostew., on July 30. The former disease appeared in ‘noticeable 
proportions” in about 10 days and spread rapidly in the control 
plot, but the latter failed to develop. The picking season extended 
from July 24 to September 2. 

The applications of spray or dust were made on July 3, 9, 20, 30, 
and August 7, 15, and 20. The results obtained in control of the 
disease on cucumbers are shown in Table 10. 


TABLE 10.—Relative effectiveness of three fungicides used for the control of anthrac- 
nose of cucumbers 


Copper 
content 
of spray 


‘ 7 Gai yer contro 
Number Number tain over control 
of appli- | of rows | Yield of cucumbers 

cations treated 


Fungicide 


or dust , Number | Pounds 

Per cent Number | Pounds | Per cent | Per cent 
Bordeaux mixture (4:4:50)_. 0. 25 7 3 1, 193 915 20. 63 26. 91 
Basic copper sulphate . 25 7 3 1, 329 1, 055 34. 38 46, 32 
Copper lime dust (proprietary) 5. 00 7 1 385 293 16. 78 21.91 
Control. 0 0 3 YRY 721 


Observations during the growing season, together with the yield 
obtained, indicate that basic copper sulphate gave as satisfactory 
control of anthracnose as Bordeaux mixture. 

In the celery experiment, the variety Golden Plume was employed. 
This variety is very susceptible to the causal organisms of both the 
early and late blights, Cercospora apii Fr. and Septoria apii Chester. 
The former disease appeared naturally, and the latter was intro- 
duced by inoculation on July 20. The celery was boarded on August 
31 and harvested September 10. The spraying was done on June 
15 and 26, July 1, 15, and 30, and August 7, 15, 20, and 28. The 
results obtained are shown in Table 11. 


TABLE 11.—Felative effectiveness of Bordeaux mixture and basic copper sulphate 
used for the control of early and late blights of celery 


Yield Gain over control 
Copper Num- | — 
Fungicide content ber of , | : 
of appli- | Num- Total | AVer- Num- Total Aver- 
spray | cations} ber of wei ht age ber of wei ht age 
crates ¢ & weight crates g weight 
Per cent Pounds, Pounds Per cent Per cent Per cent 
Bordeaux mixture (4:4:50) 0. 25 9 14.66 484.0 33.0 | 25.73 73. 48 38. 08 
Basic copper sulphate .25 9 14. 60 473.5 32.4 25, 21 69. 71 35. 56 
Control ; 0 0) 11.66) 279.0 23.9 


@ The crates contained 18 bunches with 3 stalks to the bunch. 
13707—26 4 
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Observations and yield indicate approximately equal control. 
The crop on the check plot was greatly reduced by late blight and 
had no first-grade product. 

The adhesiveness of basic copper sulphate is naturally inferior to 
that of freshly prepared Bordeaux mixture, which is of a gelatinous 
character. While this deficiency does not appear to constitute a 
serious objection, it was deemed advisable to add adhesives and 
spreaders to ascertain whether their influence was appreciable. With 
cucumbers, 4 gm. of glue (well dispersed) were incorporated with 
each gallon of spray on July 3 and 20, 1 ounce of rosin fish- — soap 
on July 9 and 1.8 gm. of dextrin on July 30. With celery, 4 gm. of 
glue were added on June 26 and July 1, and 4.5 gm. on August 28; 
0.5 ounce of rosin fish-oil soap on July 15, and 1.8 gm. of dextrin 
on July 30. On the remaining dates, with both cucumbers and 
celery, no adhesive was added. Further trials on a small scale were 
made on cucumbers, celery, and tomatoes with from 2 to 5.7 gm. of 
dextrin, albumin, gelatin, gum arabic, and glue, of which the two 
latter and rosin fish-oil soap appeared the more promising from a 
visual inspection of the residue after washing. Soap is objectionable 
in that it forms a curdy precipitate. Guba also employed 4.5 gm. 
of calcium caseinate to the gallon of spray, but he did not note any 
appreciable improvement except possibly in spreading. The work 
is being continued with a variety of compounds and the actual 
quantity of copper on a given area of leaf surface determined before 
and after washing. 

SUMMARY 


The crude basic copper sulphate described is a light, bulky powder, 
of good flow, free from grit, and adapted for application as a spray 
or dust. 

The copper content is similar to that of copper sulphate and can 
presumably be applied at the same concentration as Bordeaux 
mixture. 

Basic copper sulphate is an effective fungicide, easily applied, 
fairly indicative of the leaf surface covered, and of reasonable sus- 
pension, distribution, and adhesiveness. 
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THE LINKAGE OF PUBESCENT NODE AND BEARD 
FACTORS AS EVIDENCED BY A CROSS BETWEEN 
TWO VARIETIES OF WHEAT’ 


By E. F. Gaines, Cerealist, Washington Agricultural Experiment Station, and 
ARTHUR CARSTENS, graduate student, Washington State College 


Linkage groups in wheat have not formerly been definitely estab- 
lished, but the presence of two bearded, smooth-noded plants found 
in the F; generation of a cross of Hybrid 128 x Velvet Node grown 
in 1924 made it seem likely that crossing over occurred within the 
bearded-pubescent node linkage group. This supposition was 
strengthened by the fact that Love and Craig ? had found aberrant 
cases in a cross between Velvet Node and ‘New Columbia” which 
were not at first definitely known to be crossovers, but which subse- 
quent testing has probably proved to be such. 

Hybrid 128, Washington No. 592 and Cereal Investigations No. 
4512, has an awnless, club head, white seed, and stiff straw. This 
winter wheat was developed at the Washington Agricultural Experi- 
ment Station, and is commonly grown in eastern Washington. 

The Velvet Node parent is the offspring of a single plant found 
in a field of spring wheat near Colton, Wash., in August, 1919, and 
has been Washington No. 1981. It is a bearded spring variety, with 
long head and red grain. In addition, it has a hairy node like that of 
Cereal Investigations accession No. 5877. 

The seeds obtained from crossing these two varieties were sown in 
the fall of 1922, and three F, generation plants were harvested the next 
summer. These plants were all beardless, having club heads, pu- 
bescent nodes, red grain, and spring habit of growth. 

Part of the seeds produced in this F, generation were rolled in 
smut and part were treated with copper carbonate dust before plant- 
ing in the fall of 1923. Of the 393 smut-free plants harvested from 
the treated row, 189 were breadless and possessed pubsecent nodes, 
112 were bearded and possessed pubescent nodes, 90 were beardless 
and possessed a glabrous node, and 2 were bearded and possessed a 
glabrous node. 

A 9:3:3:1 ratio had been expected, but with the exception of the 
two bearded plants with glabrous node the results approached a 
2:1 :1 ratio. This indicated a very close if not complete linkage of 
the factors producing beards and pubescent nodes. The presence of 
the two aberrant cases was the only evidence in the F, generation 
that crossing over had occurred. 

In the spring of 1925 these F, generation seeds were sown. Three 
hundred and eighty-three rows of plants were produced from which 
the gametic composition of the F, generation could be interpreted. 
The results are shown in Table 1. The factor for beardlessness is 
denoted by B, for the bearded condition by 6, for pubescent node 
by V, and for glabrous node by v. 


1! Received for publication May 20, 1926; issued October, 1926. Published with the approval of the director 
of the Washington Agricultural Experiment Station as Scientific Paper No. 132, College of Agriculture and 
Experiment Station. 
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TaBLeE 1.—The gametic composition of the F., generation as indicated by the segre- 
gation in the F3; generation, compared with the theoretical composition based on 
the total number of crossover gametes actually occurring 


Theoret-| Differ- 


Genotypes Actual ical nee 
llomozygous 
BBV V (crossover) 4 0 0.3 —0.3 
B Bev (noncrossover) A 78 86.0 —8.0 
bb V V (noncrossover) ‘ 95 86.0 +9.0 
bbev (crossover) 4 2 " rer Ss 3 2 wee +1.7 
Heterozygous | 
Bb Ve (crossover) 4 0 5 5 
Bobo V (noncrossover) ‘ 172 172.0 0 
Mixed 
{B Vp (crossover) 6 9.5 —3.5 
Bb V V (erossover) 7 9.5 —2.5 
Bbev (crossover) Ss 9.5 15 
bb Ve (crossover) 15 9.5 L554 
Total 383 383. 1 —.1 


« Crossing over in both gametes; each of the other four crossovers contains one crossover and one non- 
crossover gamete. 


The calculation of the theoretical numbers according to Jennings’s 
formulae * is briefly explained in the following paragraphs. 

The 383 plants represented 766 gametes, of which 726 showed the 
same combination of factors as occurred in the foregoing generation 
of gametes and 40 showed other combinations. The 36 cases in which 
crossing over occurred in one of the gametes represented 36 and the 
2 cases in which crossing over occ ‘urred in both represented 4 of the 
40 gametes last mentioned. The linkage ratio, r, is therefore calcu- 

: 726 Sa 
lated as follows: 40 7 8.15. 

The formulae as applied to this problem are copied below. The 
letters B, b, V, and v are substituted for A, a, B, and 6 of Jennings’s 
formulae, and the case in which the original parents, i. e., the F, 
generation, are BbvV, is taken instead of BbVv used by Jennings. 
In other words, a dominant and recessive character are linked, in- 
stead of two dominants. Linkage equals 7 in both sets of gametes. 
The results give the zygotic constitution of a theoretical population 
of one by any number of successive self-fertilizations. Since n equals 
1 in this problem, the formulae become quite simple and are conven- 
iently applied without the use of the recurring common surds v and 
w. These specifically applied formulae are given in next to the last 
column of Table 2. The last column gives the numerical results of 
substituting 18.15 as the value of r. These figures multiplied by the 
383 zygotes considered give the theoretical numbers shown in Table 1 

The percentage of crossover, however, conveys a more concise and 
comparable impression of the degree of linkage than any other single 
figure. It is also the basis for the construction of chromosome maps.* 

The percentage of crossover is calculated re to the concep- 


tions obtained from Sinnott and Dunn ‘ as follows: = ,+ 100 = 5.222. 


JENNINGS, H.S. THE NUMERICAL RESULTS OF DIVERSE SYSTEMS OF BREEDIXG, WITH RESPECT TO TWO 
PAIRS OF CHARACTERS, LINKED OR INDEPENDENT, WITH SPECIAL RELATION TO THE EFFECTS OF LINKAGE. 
Genetics 2:154. 1917 

‘ MorGAN, T. H. THE THEORY OF THE GENE. p. 24, illus. New Haven and London. 1926. 
’ Sinnott, E. W., and DUNN, L. C. PRINCIPLES OF GENETICS. AN ELEMENTARY TEXT, WITH PROBLEMS. 
p. 160, 161, 168. New York and London. 1925. 
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To show the relationship between linkage ratio denoted by r and 
percentage crossover denoted by p, the following formulae were 
derived: 





100 100—p 
-— | P= 
r+i Pp 
TABLE 2.—Formulae for the zygotic constitution of the population derived from the 


F, parent BbvV by any number of successive self-fertilizations; also formulae 
adapted to the F, generation and results obtained when r= 18.15 


Let r=the linkage ratio 
n=the number of successive self-fertilizations 


onalttt 
2(r+1)? 
r?—|] 
u 
Yir+1)? 
Genotypes After n generations If n=1 lin =1 and 
r=18.15 
= 2-1-1 pt — we — wr —r tt . wa 1 
BY — 7 
BBVV. ; . oer r 47-41)? 0. 0007 
2-1-1 www 4+ fk ‘ r? 
3B t J 2246 
B Bor Qnti 4 ir) - 2246 
bbVV. Same as B Bor = .. Same as B Bor . 2246 
bbvv__. Same as BBVV . _ Same as BBVI . 0007 
Total } = 2-1] r+] er 
otal homozygotes ni +p" is x r+)? - 4505 
oe—w" l 
2b V, —_ oe 
Bb Vi 2 5 . ‘ d0-+1)2 .0014 
- erty r2 
sbv V ¢ 
Bh 2 7 dr+1)2 . 4491 
Total heterozygot me 4505 
Ove Le L 2S bed He 
il heterozygote v . -- 2(r+1)? F , 
. 1 o* r - 
BBVi << s 4D? | 0247 
| 
BbVV. Same as BBVi Same as BB Vt . 0247 
Bovv____. Same as BBV1 : Same as BB Vt . 0247 
bb Vi Same as BB Vt . Same as BBV1 . 0247 
1 : 1 2r 
Total mixed —2v* : ‘ - 0990 
Qr-1 (r+1)? 


Total population 1 l 1.0000 


The actual counts correspond to the theoretical expectation closely 
enough to warrant the conclusion that linkage exists between the 
beard and pubescent node factors and that the degree of linkage is 
such that about 5 per cent of crossing over occurs. It will be noted 
that the bearded groups in every case were larger than expected, and 
this prolificacy in regard to beards was proportionately greater in the 
crossover classes. 

















AN APPARENTLY NEW SUGAR-CANE MEALYBUG‘* 


$y HAROLD Morrison 


Hutomologist, Fruit Insect Investigations, Bureau of Entomology, United States 
Department of Agriculture 


INTRODUCTION 


The mealybug described below has been reported as injurious to 
sugar cane in certain localities in Cuba, and is now the subject of 
study by the entomologists of the Tropical Plant Research Founda- 
tion. A review of the systematic literature on the group to which 
it has been assigned indicates that the species has not yet been de- 
scribed, and this description is therefore offered in order to make 
it known and to facilitate reference to it in any future publications 
regarding its injuriousness. 


GENUS RIPERSIA SIGNORET 


The genus Ripersia, as now accepted, does not contain a well de- 
fined, homogeneous group of species, but instead is little more than 
a dumping ground for species of mealybugs having 6-segmented 
antennae and living on members of the Gramineae, or on the roots 
of other plants or in ants’ nests. Such being the case, few precise 
suggestions can be offered respecting the actual relationship of the 
form now described. 


RIPERSIA RADICICOLA, new species 


Described from alcoholic specimens only; no information available 
regarding the character and extent of the external secretionary 
covering. 

Occurs on the roots of the host plants. 


Adult female.—Very stout oval, almost circular in outline, strongly convex, 
length of fully developed form as mounted 3.5 mm., width about 3.25 mm.; 
antennae 6-segmented, placed rather close together, although not contiguous, 
lengths of segments of one in microns as follows: I, 53; II, 50; III, 70; IV, 
28; V, 483; VI, 86; segment V with one, VI with three to four stout sete in 
addition to slender sete ; legs short and small but stout, not otherwise unusual ; 
measurements of a posterior leg in microns as follows: Coxa, 200; trochanter, 
90; femur, 168; tibia, 136; tarsus, 90; claw, 34; hind coxa with numerous, 
but scattered, tiny pores on both faces, claw without denticle, claw digitules 
threadlike but distinctly knobbed at apices, barely reaching tip of claw, tarsal 
digitules more slender, not knobbed; beak elongate conical, distinctly 2-seg- 
mented, length about 195 uw; both anterior and posterior pairs of ostioles 
present, small and inconspicuous; only the posterior apical pair of cerarii 
developed, each made up of a pair of small conical spines and a loose cluster 
of triangular pores; anal lobes, as such, wholly undeveloped, apical seta placed 


1 Received for publication May 7, 1926; issued October, 1926. 
Journal of Agricultural Research, Vol. 33, No. 8 
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immediately beneath apical cerarius, without chitinized thickening adjacent, 
each seta about 200 w long; body with triangular pores, scattered fairly 
uniformly, more humerous along the margin and posteriorly, with relatively 
few multilocular disk pores around the vaginal opening, and with numerous 
large tubular ducts in loose clusters along the abdominal margin, a few scat- 
tered along the margin anteriorly, and in transverse rows ventrally in the 
abdominal region; body setae few, small, slender, inconspicuous, most 
abundant adjacent to the duct clusters, anal ring slender with two rows of 
pores and six setae, the longest of these about 118 4; ventral cicatrix not 
located, apparently not present. 











Fic. 1.—-Ripersia radicicola, adult female. <A, apex of abdomen, dorsal and ventral, 
230; B, outline of body, optical section, K 12; C, types of body pores, < 1275; D, 
beak, X 120; E, antenna, 120; F, leg, X 120 


This species has been described after an examination of micro- 
scopic slide mounts from the following lots of material: On roots 
of sugar cane, Jobabo, Cuba, January 21, 1925, collector C. F. Stahl 
(Tropical Plant Research Foundation No. 14a Ent.) (holotype and 
paratypes); the same, December 3, 1924 (T. P. R. F. No, 14 Ent.) 
(paratypes) ; the same, collected January 23, 1925, T. P. R. F. No. 14b 
Ent.) (paratypes); on Crystallina roots, same locality, forwarded 
by W. A. Orton, August, 1924 (paratypes) ; Central Baragua, Cuba, 

















Oct. 15, 1926 An Apparently New Sugar-Cane Mealybug 759 
on sugar cane, May 6, 1925 (T. P. R. F. No. 1081 Ent.) (paratypes), 
and May 3. <¢T. P. R. F. No. 1097 Ent. ) (paratypes) ; same loc: ality 
on grasses ; May 6 (T. P. R. F. No. 1082 Ent.) (paratypes) ; on cane 
roots, eastern Cuba, collector S. C. Bruner (No. 9027), received with 
letter of December 14, 1923 (paratypes); Soledad, Cuba, February 
27, 1925, collector J. G. Myers (No. 591) (paratypes); Habanilla, 

Cuba, April 7, 1925, collector J. G. Myers (No. 684) (paratypes) ; on 
ae of Echinochloa colonum, Baragua, C amaguey, Cuba, April 21, 
1926, collected by C. F. Stahl (paratypes). 

The types of the species are in the United States National Collec- 
tion of Coccidae. 

The insect herein described has been compared with specimens or 
deser a of all of the mealybugs that have been reported to occur 
on sugar cane. It has also been compared with all of the species of 
Ripersia represe snted in the national collection. Of these it resembles 
the species Ripersia anomala Newst. and 2. aurantia Cockerell in 
that all have clusters of relatively large, short tubular ducts present 
along the body margin; it differs from both of these in several par- 
ticulars, but most conspicuously i in having only the single posterior 
apical pair of cerarii developed, the other two species having the 
series of marginal cerarii complete, or practically so. 

No definite statement can be made as to the original home of the 
species. The very limited information now available suggests the 
possibility that it is native to Cuba and has transferred its activities 
from some indigenous plant, probably a grass, to sugar cane. 


















































A CONTRIBUTION TO THE BACTERIOLOGICAL STUDY 
OF HAM SOURING' 


By E. A. Boyer 


Associate Chemist, in charge of the Omaha Meat Inspection Laboratory of the 
Bureau of Animal Industry, United States Department of Agriculture 


INTRODUCTION 


‘Ham souring”’ is a term applied in the meat-packing industry to 
any sour, unsound, or putrid condition developing in the interior of 
the ham. It may vary in degree from a slight taint in a limited area 
to a putrid condition affecting almost the entire ham. 

The first systematic scientific study of ham souring was conducted 
by McBryde,’ who concluded from his investigation that ham sour- 
ing is caused by an anaerobic bacillus to which he gave the name 
Bacillus putrefaciens. He reported the isolation of this bacillus from 
sour hams, its cultivation in the laboratory, the production of typical 
souring by inoculating sound hams with the cultures, and recovery of 
the bacillus from the hams soured by this means. McBryde assumed 
that this bacillus is present in the dust and dirt of packing houses 
and gains entrance to the hams through the various manipulations to 
which they are subjected. 

In a previous communication * the writer showed that the interior 
portions of fresh, chilled hams are never sterile, but harbor numerous 
species of bacteria, both aerobic and anaerobic, including Bacillus 
putrefaciens and other bacteria of the type commonly associated with 
ham souring. The presence of a similar flora in the lungs of hogs 
slaughtered in accordance with regular practice was also reported. 
The conclusion drawn was that every ham must be regarded as a 
potential sour ham containing the organisms which would cause 
spoilage if permitted to develop. 

During the interval since the appearance of the publication last 
cited, A. F. Reith, working under the Arthur Lowenstein fellowship 
placed at the University of Chicago through the Institute of American 
Meat Packers, has been engaged in an investigation of the subject. 
Through the courtesy of J. F. Norton, directing the fellowship, and 
W. Lee Lewis, director of the Bureau of Scientific Research in the 
Institute of American Meat Packers, an opportunity was afforded in 
March, 1925, for an exchange of views on Reith’s findings and the 
data obtained by the writer as here set forth. 


THE PROBLEM 


The finding of various species of bacteria in the interior of hams, 
including the bone marrow, 48 hours after slaughter, together with 
the fact that during such time the carcasses had been held at a low 


1 Received for publication June 5, 1926; issued October, 1926. 
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temperature in the chill room, made it appear probable that such 
organisms were present at the time the carcasses were removed from 
the killing floor. This supposition having been confirmed, as shown 
by data presented later, further investigation was directed toward 
locating the source of the organisms. 

Three possible sources were suggested—first, that the organisms 
are present in the blood and tissues of the living animal before 
slaughter; second, that they are rapidly disseminated throughout 
the carcass after death; and, third, that they gain access during the 
various manipulations to which the carcass is subjected on the killing 
floor. The last-mentioned hypothesis appearing most probable, 
attention was first given to it. 


METHODS AND PLAN OF WORK 


The methods used and the plan of work were such as would serve 
the purpose in hand rather than those suited to an exhaustive investi- 
gation of the subject. 

The hams used were obtained from a local establishment operating 
under Federal inspection. Not over one hour elapsed from the time 
the hams were cut from the carcasses until the cultures were removed. 
Cultures were taken from each ham from one or more of the following 
locations: Flesh in close proximity to the stifle joint; bone marrow 
of the femur; and synovial fluid of the stifle joint. All instruments, 
media, and solutions used were sterilized in accordance with the usual 
methods. Care was taken throughout to prevent extraneous 
contamination. 

The hams were sectioned with a heavy knife heated to such tem- 
perature as thoroughly to sear the cut surfaces. The area from which 
cultures were to be taken was again seared on the exposed surface, 
and portions of the flesh were taken from beneath this area by means 
of sealpel and forceps. In taking cultures of the joint fluid the 
meat was carefully removed, leaving intact the femoropatellar 
capsule. The exposed surface was then seared and a small incision 
made through which the fluid was removed with a platinum loop. 
Cultures of the bone marrow were taken close to the nutrient foramen, 
at which point the marrow usually shows a collection of blood. 


ANAEROBIC GROWTH 


Portions of approximately 3 gm. each of the flesh and bone marrow 
were planted into separate tubes of cooked meat medium and incu- 
bated for eight days. Incubation was conducted for two days at 
37.5° C. and at room temperature for the remainder of the period. 
From those tubes showing evidence of anaerobic growth, such as 
digestion of the medium, gas formation, or foul odor, stained smears 
were examined microscopically. For isolation the tubes were heated 
to 80° to 85° C. to eliminate vegetative forms, and deep shake cultures 
were made in glucose agar, the treatment being repeated until an 
evidently pure culture was obtained. It is, of course, recognized that 
by such procedure some specimens may have been regarded as free 
from anaerobes which would have been found otherwise by more 
intensive examination. 
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AEROBIC COUNT 





A 3 to 5 gm. portion of the flesh was disintegrated as much as 
possible by shaking for approximately one minute with ground glass 
in 10 ec. ec. of sterile distilled water. No decided disintegration of the 
meat could be obtained in this manner. A 1c. ¢. portion was then 
planted on plain nutrient agar and incubated for 48 hours at 37.5° C. 
The aerobic count in the data given represents, therefore, the number 
of organisms obtained from 0.3 to 0.5 gm. of flesh. In the case of the 
joint fluid two loopfuls were used for each plate and the aerobic 
counts given represent the number of colonies developed from that 
quantity. 





BACILLUS COLI 


Portions of the flesh and bone marrow similar in quantity to those 
used for anaerobic bacteria and portions of the joint fluid such as 
were used for aerobic count were planted direct into lactose bile. 
In addition, 1 c. c quantities of the preparation of the flesh used 
for aerobic plates were planted into lactose bile. From all tubes 
giving presumptive evidence of B. coli through gas formation in the 
lactose bile, streak cultures were made on Endo’s medium for con- 
firmation. 


TESTS ON HAMS TAKEN FROM KILLING FLOOR 


Six hams, each from a different carcass, were removed as soon as 
killing-floor operations had been completed and before the carcasses 
were run into the cooler. Under conditions prevailing at the estab- 
lishment at the time these specimens were taken, approximately 
30 minutes elapsed between the sticking of the animals and eviscera- 
tion, and about 15 minutes more before the samples were taken. 
The results obtained on examination of these six hams in accordance 
with the methods detailed above are shown in Table 1. 


TABLE 1.—Results of examination of hams from hoq carcasses 45 minutés after 
) , ¢ 4 
slaughter 


Aerobic 


Specimen Anaerobes ostenien B. coli 
No. 112: 

, Flesh Found 9 | Not found 
Joint fluid (4) 5 Do. 
Bone marrow Found (*) Do. 

No. 113: 
Flesh . Not found_. 30 Do. 
Joint fluid @)__. 20 Do 
Bone marrow Found (4) Do. 
No. 114: 
Flesh Not found 21 Do. 
Joint fluid ‘ (*) 4 Do. 
Bone marrow Found (*) Do. 
No. 115: 
Flesh Not found 78 Do. 
Joint fluid (2) 32 Do. 
Bone marrow | Not found (*) Do. 
No. 116: | | 
Flesh Found 9 Do. 
Joint fluid (*) 6 Do. 
Bone marrow ; - Found = (*) Do. 
No. 117: 
Flesh : } do 14 Do. 
Joint fluid oe (*).. 3 Do. 
Bone marrow --.-- . e Not found___. _ (*) Do. 





No test. 
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This evidence of the existence of microorganisms in the interior 
of the hams 45 minutes after slaughter is in accord with the results 
obtained in the former work from examination of 29 hams taken at 
the conclusion of the chilling period, and shows that the organisms 
found were present at the beginning of the chilling period. 

A number of species of anaerobes were represented in the cultures 
obtained, and reference to their presumptive identification will be 
made below. There were isolated a numerous and varied group of 
aerobic organisms: Coccus and rod forms, motile and nonmotile; 
gelatin liquefiers and nonliquefiers, chromogenic and nonchromogenic. 

The absence of the Bacillus coli group of organisms from the nu- 
merous cultures taken from these hams is of particular interest. The 
members of this group are abundant and ubiquitous on the killing 
floor, and are almost invariably found on the surfaces of the carcasses 
which are exposed during killing-floor operations. Their absence is 
of special significance in that it goes far to eliminate the possibility 
that the organisms present in the hams gain access during killing-floor 
operations. 

Because of the temperatures prevailing, the scalding and dehair- 
ing operations are exceptions. Examination of several samples of 
the water used in these processes showed that the temperature pre- 
vailing (140° to 145° F.) eliminates Bacillus coli, while the spore- 
bearing anaerobes and other heat-resistant organisms are abundant. 
The bacterial flora of the scalding vat, like that of the lungs, bears 
a striking similarity, in its general character at least, to that of the 
carcass. The possibility of the dirty vat water entering through 
the stick wound into the circulatory channels and, abetted by the 
beaters of the dehairing machine, being rapidly and widely dis- 
tributed throughout the carcass appeared to warrant consideration. 

In order to obtain information on this point, the stick wounds of 
four carcasses were securely ligatured so as to preclude the possi- 
bility of contamination entering in that manner during the scalding 
and dehairing. A ham was taken from each of the dressed carcasses 
and examined, with the results shown in Table 2. 


TaBLE 2.—Results of examination of hams from carcasses with stick wounds 
ligatured during scalding and dehairing 


Specimen Anaerobes —_ B. coli 
No. 136 
Flesh Not found 73 | Not found 
Joint fluid : (4) do. 
Bone marrow .| Not found (4) Do. 
No. 137: 
Flesh do... 7 Pm? 25 Do. 
Joint fluid (2) 4 6 Do. 
Bone marrow Found (*) Do. 
No. 138: 
Flesh do 38 Do. 
Joint fluid (@) 6 Do. 
Bone marrow Found _. (*) Do. 
No. 139 
Flesh Pissed 7 Do. 
Joint fluid .| (*). ; 0 Do. 
Bone marrow Not found ‘ Ethie (¢) Do. 


@ No test. 
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As a further test, two carcasses were taken direct from the bleed- 
ing rail, scalded in a steam cooker, and the hair removed by hand 
scraping. Examination of the hams from these carcasses gave 
results consistent with those previously obtained. 

Finally, the hams removed from four carcasses taken directly 
from the bleeding rail and neither scalded nor dehaired, were exam- 
ined. The hams were removed from these carcasses as soon as bleed- 
ing had been satisfactorily completed and cultures were taken imme- 
diately from the flesh and bone marrow (Table 3). 


TABLE 3.—Results of examinations of hams from carcasses direct from bleeding rail 


Number of Number 


Number 


Specimen cultures .., | Showing 
taken positive anaerobes 
No. 142 
Flesh 2 : | 
Bone marrow ‘ 1 1 1 
No. 143: 
Flesh P 2 | 2 1 
Bone marrow - 1} l 1 
No. 144: 
Flesh 1 0 0 
Bone marrow ‘ . 1 1 0 
No. 145: 
Flesh 2 l 1 
Bone marrow l 0 0 


The results of this investigation showed that the bacteria present 
in the chilled carcass do not gain access to it through any of the opera- 
tions on the killing floor, but are present immediately after the death 
of the animal and before the carcass has been subjected to any of 
the killing-floor operations. No attempt was made to determine 
whether the bacteria found were the result of rapid, agonal invasion 
or whether they are present in the blood and tissues of the living 
animal. While this question is one of scientific interest, it was not 
within the scope of the present investigation. 


CHARACTERISTICS OF THE BACTERIA FOUND 


The demonstration of anaerobic bacteria in the hams taken 
directly from the carcasses on the bleeding rail is of particular interest 
and importance, since it is organisms of this type which are responsible 
for the souring of ham. 

From anaerobic cultures of the hams taken from the killing floor 
there were isolated five distinct species. Four of these have been 
tentatively identified as Bacillus putrefaciens, B. histolyticus, B. 
sporogenes, and B. tertius. The fifth species has not been identified. 

No thought is entertained that all the species of anaerobes occurring 
in fresh hams were isolated. For instance, the unidentified organism 
was overlooked for a long period. When it was finally isolated and 
familiarity with its morphological characteristics attained, it was 
recognized as an organism which had been observed repeatedly in the 
smears from the anaerobic cultures. Further, there was obtained 
toward the close of the work a species which, although culturally 
resembling Bacillus sporogenes and tentatively classed as such, pre- 
sented a unique morphology which made the tentative identification 
13707- 
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questionable. Other characteristics or peculiarities are noted in the 
comments on each particular organism. 


BACILLUS PUTREFACIENS 


B. putrefaciens was found frequently in fresh hams and has been 
repeatedly isolated from sour hams. It was the only organism 
isloated which formed perfectly round terminal spores. Fully devel- 
oped spores were formed in deep colonies in glucose agar after seven 
days’ incubation. When grown in pure culture in the cooked meat 
medium used, this organism did not form spores. In mixed cultures 
from hams, on the contrary, it was often found to form spores freely 
after five to seven days’ incubation in this medium. This organism 
is primarily of the saccharolytic group and gives no evidence of 
digestion of the solid particles in cooked meat medium. Its optimum 
temperature for growth was from 20 to 25° C. In shake cultures in 
glucose agar incubated at 37.5° there occurred in the lower part of the 
medium a marked haziness, but colonies of visible size did not develop 
at this temperature. 

BACILLUS HISTOLYTICUS 


B. histolyticus has been repeatedly isolated from fresh hams and 
has often been isolated from hams and shoulders which were found to 
be spoiled at the end of 48 hours in the chill room. In some such 
cases the odor of the affected areas was characteristic of that pro- 
duced in vitro by this bacillus. This organism is distinguished from 
all of the other anaerobes herein considered by the fact that it does 
not produce any gas bubbles when grown in deep colonies in glucose 
agar and no fragmentation of that medium even after four days’ incu- 
bation. This is in marked contrast to the action of B. sporogenes 
which otherwise is somewhat similar in its growth, particularly in the 
cooked meat medium. The extremely rapid proteolytic action of this 
organism in the meat medium and early deposition of white crystals 
were marked and characteristic features. 


BACILLUS SPOROGENES 


B. sporogenes was distinguished by the fact that it showed greater 
tolerance of oxygen than any of the other anaerobic forms studied. 
In glucose agar the colonies would extend to within 1 cm. of the surface. 
It grew vigorously in the cooked meat medium with digestion of the 
meat particles, formation of black pigment, and generation of a 
characteristic rank odor. Spores formed readily and profusely in 
the meat medium. 


BACILLUS TERTIUS 


B. tertius was isolated in only three instances. As with B. putre- 
faciens, spore formation first appears as an oval terminal enlargement 
of the rod, which stains heavily. The fully developed spores were 
extremely large, of oval shape, and stained only very faintly. Growth 
in meat medium was accompanied by marked evolution of gas and 
decided pink coloration of the meat particles. 
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UNIDENTIFIED BACILLUS 


An unidentified organism was commonly found in fresh hams. In 
form it is a very stout rod of approximately the same length as B. 
sporogenes but much thicker. It stains very unevenly. Even in 
young cultures areas which stain very faintly or not at all are observed. 
This is not due to spore formation but is suggestive of autolysis. It 
possesses numerous flagella but no motility was observed, although 
repeated observations were made. This organism is an extremely 
strict anaerobe. Spores form readily in the cooked meat medium. 
The spores are quite large, usually oval in shape but often show 
parallel sides and flattened ends. The peripheral outline of the 
spore stains densely. The spore seemingly forms centrally, but, 
when fully developed occupies nearly the entire rod with little, if 
any, distention. ee Mans at one end of the spore there is a slight 
projection of the rod. Glucose was fermented with production of 
acid and gas. Milk did not appear to be a favorable medium for 
growth. In cooked meat medium gas evolution was moderate, there 
was no appreciable decrease in the volume of meat particles, and no 
odor could be detected even in old cultures. This organism seemed 
to resemble B. oedematiens, but is not identified as such. 

In this study particular attention has been given to Bacillus putre- 
faciens for the reason that it finds its optimum condition for growth 
at a lower temperature than any of the other organisms studied, and 
that it has been found so commonly associated with ham souring. 
The frequency with which it was found and isolated from fresh hams, 
together with the small size of the samples taken, justifies the belief 
that it is commonly present in fresh hams. Such being the case, it 
follows that the mere presence of B. putrefaciens in the ham is not 
sufficient to cause spoilage. 

The first check applied in regular packing-house operations is that 
of refrigeration. Refrigeration is no doubt an effective check, but 
it must be remembered that organisms of the type studied are gen- 
erally capable of growth at rather low temperatures. Bacillus putre- 


faciens in particular finds its most favorable growth temperature at 


from 20° to 25° C. (68° to 77° F.) and it grows readily, although less 
rapidly, at from 8° to 10° C. (46.5° to 50° F.). It is evident, therefore, 
that if refrigeration is to be effective it must needs be thorough. 
This is in harmony with the fact, well known in the meat-packing 
industry, that overtaxing the capacity of the plant, particularly that 
of the refrigerating system, is likely to be followed by an “‘epidemic”’ 
of ham souring. 


SUMMARY 


Hams from dressed hog carcasses taken from the killing floor 
45 minutes after slaughter were found to harbor microorganisms in 
the interior musculature, synovial fluid, and bone marrow. Similar 
organisms were found in hams from carcasses scalded in a steam 
cooker and scraped by hand, and in hams taken from the carcasses as 
soon as bleeding had been completed. 

Five species of anaerobes, namely, Bacillus putrefaciens, B. his- 
tolyticus, B. sporogenes, B. tertius, and an unidentified organism 
resembling B. oedematiens in some respects, were isolated from such 
hams. 
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There were also present numerous and varied aerobic organisms. 

No organisms of the Bacillus coli group were found, although a 
special search was made for them. It is concluded, therefore, that 
this group is rarely, if ever, present in the bacterial flora of fresh hams. 

There is no evidence that any of the organisms found gained access 
through killing-floor operations. 


CONCLUSION 


From the foregoing data it is concluded that the organisms respon- 
sible for ham souring are disseminated throughout the carcass from the 
moment of slaughter and possibly are present in the blood and tissues 
of the living animal. It is evident, therefore, that access of these 
organisms can not be prevented by any alteration of killing-floor 
operations or practices. Prevention of ham souring depends, there- 
fore, on preventing the development of the causative organisms which 
are known to be present. Prompt handling and prompt and efficient 
chilling resulting in early attainment of the low temperatures required 
to check the development of Bacillus putrefaciens and similar organ- 
isms, and maintenance of uniform low temperatures until sufficient 
salt has been taken up by the ham to hold these organisms in per- 
manent check, are the means of prevention indicated. The effective- 
ness of these methods, is shown in a practical way by the low rate of 
spoilage attained by those establishments at which they are consist- 
ently practiced. 
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SEED TREATMENTS FOR SWEET-CORN DISEASES’ 


By C. Reppy, Associate Pathologist, and J. R. HoLBpert, Agronomist, Office of 
( ae Crops and Diseases, Bureau of Plant Industry, United States Department 
of Agriculture, and A. T. Erwin, Chief in Vegetable Crops, Iowa Agricultural 


D 


Experiment Station * 


INTRODUCTION 


This paper presents the data on sweet-corn seed treatments 
obtained in 1925 from 800 plots of 25 hills each. Approximately 
half of the plots were located near Bloomington, Ill., and the remain- 
der at Ames, Iowa. Because of the rather promising economic 
possibilities of certain of the treatments, the results are thought to 
be worth publishing, even though the principal data are from experi- 
ments of only one year. 

During the last five years experiments have been conducted on the 
treatment of dent-corn seed for the control of the seed-borne diseases. 
The results of these experiments are being published in another 
paper in which a limited survey of the pertinent literature is included. 
In the experiments with dent corn, the most promising results have 
been obtained during the past three years with organic compounds 
of mercury. It was anticipated that, as soon as the methods of 
control used in the dent-corn experiments were published, the sweet- 
corn growers would consider the advisability of applying these 
measures to seed-borne diseases of sweet corn. Therefore, rather 
extensive field experiments with sweet corn were conducted in 1925, 
in which the same materials and the same’ methods that had given 
the best results with dent corn were used. 

Sweet corn and dent corn have many diseases in common, but in 
practically all instances the effects are more severe on sweet corn. 
The varieties of sweet corn of high quality in respect to sugar content 
are especially susceptible. This explains, in part, why it is so difficult 
to produce high-grade sweet-corn seed and why so much seed of 
inferior quality is used. It would be expected that any measures 
which would improve the quality of the seed would be more quickly 
adopted by sweet-corn growers than by dent-corn growers for the 
reason that the sweet-corn industry usually is more localized and, 
in general, is well organized. 

In dent corn two diseases stand out in importance as influencing 
field stands and yields. These are the Diplodia disease, caused by 
Diplodia zeae, and the Gibberella disease, caused by Gibberella 
saubinetii. When seed lots badly infected with either or both of 
these organisms are planted, the resulting stands may vary from 
almost nothing to almost perfect stands, depending on the tempera- 
ture and the moisture of the soil. Both diseases are destructive in 
sweet corn also, and somewhat promising results have been obtained 


! Received for publication May 4, 1926; issued October, 1926. The investigations here reported were 
conducted in cooperation with the Bloomington Canning Co. and the Funk Brothers Seed Co., of Bloom- 
ington, Ill., and the Wisconsin and lowa Agricultural Experiment Stations. 

2 The writers wish to express their indebtedness to A. G. Johnson, of the Office of Cereal Crops and 
Diseases, Bureau of Plant Industry, United States Department of Agriculture, for advice, helpful sug- 
gestions, and assistance in preparing the manuscript. 
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in controlling them by the use of certain seed-treatment materials. 
However, there is another disease destructive to sweet corn but 
unimportant to dent corn, on which only limited data have been 
obtained. This is bacterial blight, or Stewart’s disease, caused by 
Aphanobacter stewartii. This disease is more severe in the central 
Corn Belt than north of.it, and most severe on varieties which 
naturally contain much sugar. Indications are that it is more 
difficult to control than either Diplodia or Gibberella disease. 


EARLY EXPERIMENTS 


In 1922, hot water was tried to some extent as a means of con- 
trolling seed-borne sweet-corn diseases. There was available for 
experimentation a composite of Minnesota Early Crosby sweet-corn 
ears which were highly infected with Cephalosporium acremonium, 
the cause of black-bundle disease. After being treated, the kernels 
were germinated in Petri dishes and examined with the compound 
microscope for the presence of the fungus. The data from this 
experiment are presented in Table 1. These data indicate that C. 
acremonium in sweet-corn seed may be killed by certain hot-water 
seed treatments. However, as it was considered unlikely that any 
hot-water method would be put into practical use, no further data 
were accumulated on this method. 


TABLE 1.—Effects of hot-water treatments on Minnesota Early Crosby sweet-corn 
seed naturally infected with Cephalosporium acremonium at Madison, Wis., 
in 1922 


Treatment 





. - a ee Infec- Germi- . ta: 

Number of kernels Presoak ee | ta tice nation Condition 

perature | Minutes 
} 
Hours *<¢ Per cent | Per cent 
20 26 53 15 0 | 100 | 1 weak 
20 26 53 30 0 95 | 2 weak. 
20 26 53 60 0 90 | Several weak. 
20 26 53 90 | 0! 95 Do. 
20 26 53 120 | 0 90 Do. 
20 22 58 10 | 0 100 | 1 weak. 
20 22 | 57 15 | 0 100 Several weak. 
20 22 57 20 0 95 Do. 
20. 22 57 30 | 0 85 Do. 
20 . 22 57 60 | 0 45 | All weak. 
20 21 63 10 0 5 Do. 
20 | 21 63 15 | 0 0 | Dead. 
20. 21 63 20 0 0 Do. 
20. 21 | 63 30 | 0 0 Do. 
20 r 21 63 60 0 0 Do. 
20 1 75 15 | 0 20 | Very weak. 
20 1 75 30 0 0 | Dead. 
20 1 75 60 0 0 Do. 
20 1 75 120 | 0 0 Do. 
20 (untreated control) é SRI sO 95 
! 





Table 2 presents the data obtained in a preliminary experiment 
with an organic mercury compound, chlorophol, used in a number of 
different concentrations and for varying lengths of time. Sweet 
corn from the same lot of Minnesota Early Crosby as that used in 
the hot-water treatments was employed. 

The data presented in Table 2 indicate possibilities of controlling 
internal seed-borne infections of Cephalosporium acremonium with 
chlorophol liquid treatments. They also indicate that germination 
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is affected but little over a fairly wide range of concentrations and 
treatment periods. The results of this experiment suggested the 
advisability of trying this and similar compounds for the control of 
other internally seed-borne corn diseases. 


TaBLE 2.—Effects of chlorophol seed treatments on Minnesota Early Crosby sweet- 
corn seed naturally infected with Cephalosporium acremonium, at Madison, Wis., 
in 1922 


; Condition of seedlings 
Strength | Duration 
Number of kernels of solu- | of treat- | Infection 
tion ment 


Germi- 
nation | 


| 
Strong Medium Weak Dead 


Per cent Hours Per cent | Per cent | Percent Per cent | Per cent | Per cent 
| 


20 0. 25 1 0 95 

20 5 l 0 100 

20 10 1 10 95 

20-. 2.0 1 0 90 

20 . 25 2 0 100 |. 

20 -5 2 0 95 

20 10 | 2 0 95 

20 2.0 2 0 100 60 30 10 |_. 

20 . 25 3 0 90 55 15 20 10 
20 5 3 0} 100 30 45 25 0 
20 1.0 3 0 | 90 70 10 10 10 
20 2.0 3 0 95 65 30 0 0 
20 . 25 5 0 95 50 40 5 5 
20 5 5 0 95 65 20 10 5 
20 1.0 5 0 100 30 55 15 0 
20 2.0 5 0 100 75 25 0 0 
20 (untreated control) i 80 | 95 ‘ 


Table 3 shows the percentages of Minnesota Early Crosby sweet- 
corn plants diseased with bacterial blight in a field experiment in 
which the seed was treated for various periods of time with 0.25 per 
cent solutions of chlorophol. The presence of the disease was 
determined by cutting up the plants when they were about half 
grown and noting whether or not they had the yellow vascular 
bundles with the characteristic bacterial ooze. 

The data in Table 3 show that treatment of Minnesota Early 
Crosby sweet corn with 0.25 per cent chlorophol solution during 
periods up to 24 hours does not decrease appreciably the amount of 
infection in the resulting plants. 


TABLE 3.—Percentages of bacterial blighted plants in Minnesota Early Crosby 
sweet corn grown from seed treated during different periods of time with chlorophol 
(0.25 per cent soak), at Bloomington, Ill., in 1923 


Infected plants in— 
Duration of treatment in hours - 


Series 1 Series 2 


Number Percent | Number | Per cent 
9 


0 2 42 12 48 
6 20 40 12 48 
9 29 58 ll 44 
12 . 30 60 14 56 
20 23 46 11 44 
24 . 27 54 19 76 


Table 4 presents data on field stand and presence of bacterial 
blight in two lots of Golden Bantam sweet corn the seed of which was 
treated for various periods of time with 0.25 per cent solutions of 
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chlorophol. Lot 1 consisted of a selection of ears of Golden Bantam 
sweet corn grown in Connecticut. Lot 2 was a bulk sample bought 
on the open market in Illinois. The results were recorded when the 
corn was in the canning stage. As in the preceding experiment, 
the bacterial infections were determined by cutting open the stalks. 

The data in Table 4 agree with those in Table 3 in that no practical 
control of bacterial blight of sweet corn was obtained by treating 
the seed in 0.25 per cent solutions of chlorophol. 

The data also show that the stands from these two lots of Golden 
Bantam seed were, with one exception, increased by the shorter 
treatments and injured by the longer treatments. 


TaBLe 4.—Data on field stand and bacterial blight of plants grown from two lots of 
Golden Bantam sweet-corn seed treated with chlorophol (0.25 per cent soak), at 
Bloomington, Ill., in 1923 


Stand Bacterial blighted 


plants 
Duration Increase over 
Stand from untreated seed of - 
treatment ————_- ——_—-—-- | 
Treated Un- | Treated 
seed Nearest a treated 
control | controls 
Seed Lot No. 1 Hours Per cent | Percent | Percent | Per cent | Per cent 
82 per cent 6 90 | 9.8 12.5 No data. | No data. 
83 per cent Rlo 87 4.8 8.8 No data. | No data. 
69 per cent 12 8&3 | 20.3 3.8 19. 0 11.4 
83 per cent 20 76 | —8.4 —5.0 29. 0 23. 6 
83 per cent 24 75 —9. 6 —6.3 14.9 | 12. 1 
Seed Lot No. 2: | 
65 per cent 6 80 23. 1 24.2 No data. | No data. 
66 per cent &le 60 | —9. 1 —6.8 te No data. 
55 per cent 12 70 27.3 8.7 | No data. 
65 per cent 20 50 —23. 1 —22.4 16.7 
71 per cent 24 53 —25. 4 —17.7 16. 1 





Average stand from untreated seed: Lot No. 1, 80; Lot No. 2, 64.4. 
tXPERIMENTS IN 1925 


The purpose of the experiments made in 1925 was to determine 
the value of such materials and methods as already had proved most 
beneficial in the control of certain dent-corn diseases. 

The results of the seed treatments with sweet corn and also with 
dent corn have been previously summarized.’ 

For the sweet-corn experiments, six materials were chosen. Three 
of these were used as water solutions, in which the sweet-corn kernels 
were immersed for an hour and a half, and three were used as dusts. 
Six lots of seed were used in which three varieties were represented. 
These were (1) Country Gentleman, nearly disease-free, Diplodia- 
infected, and Gibberella-infected; (2) Canadian Evergreen, nearly 
disease-free and diseased; and (3) Golden Delicious, diseased.* Of 
these six lots, two were good seed, being nearly disease-free. The 
diseased lots of Canadian Evergreen and Golden Delicious were of 
bulk seed obtained from representative growers, but which would 


* Reppy, C. 8., HOLBERT, J. R., and ERwin,A. T. SWEETCORN SEED TREATMENT IN 1925. (Abstract) 
Phytopathology 16:65. 1926. 

Houpert, J. R., Reppy, C. S., and KogEH Ler, B. SEED TREATMENTS FOR THE CONTROL OF CERTAIN 
DISEASES OF DENT CORN. (Abstract) Phytopathology 16: 82-83. 1926. 

‘ The seed of the first variety was supplied by the Bloomington (Illinois) Canning Company, and the 
seed of the other two varieties by G. N. Hoffer. 
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be classified by them as somewhat inferior. The two diseased lots of 
Country Gentleman were ear selections from the germinator and 
composited, so that one contained a high percentage of kernels 
infected with Diplodia zeae, one of the dry-rot organisms, and the 
other was highly infected with Gibberella saubinetii, one of the root- 
rot organisms. These two diseased composites germinated 95 and 
85 per cent, respectively. In macroscopic appearance, they differed 
very little from the nearly disease-free lot. However, they were 
more highly diseased than seed usually used for planting. Only in 
certain years would they be comparable to any considerable propor- 
tion of commercial seed. They were included in these experiments 
mainly for the purpose of determining the effect of seed treatments 
on the control of specific diseases. From the results of seed-treat- 
ment experiments on these six lots, it was thought that one could 
learn, to some extent, the effect of the treatments (1) on different 
varieties, (2) on nearly disease-free seed and on diseased bulk seed of 
certain varieties, and (3) on the control of specific seed-borne diseases. 
It would be expected that the results from bulk seed would corre- 
spond closely to what would be experienced under similar environ- 
mental conditions by practical growers if they adopted the same 
methods of treatment. 

The treatments in all the experiments were made at one place, 
at one time, and at one temperature (25° C.). All liquid treatments 
were for 1% hours in solutions of 0.4 per cent strength, except Corona 
620, which was of 0.25 per cent strength. The water-soak treatment 
also was for 1% hours. The seed was dried immediately after treat- 
ing by seeeedion on screens in thin layers. Each dust was applied 
by shaking the seed and the dust vigorously in a closed vessel and 
sifting out the excess dust. 

The same planting method was used in Illinois and lowa, but 10 
replications of each treatment and control were made in the Illinois 
experiment, while the space provided for only seven replications in 
the Iowa experiment. Each replication was a row consisting of 
25 hills planted exactly three kernels to the hill. Both hills and 
rows were spaced 314 feet apart. The six lots were placed side 
by side, making the experiment in Illinois 80 by 150 hills (more than 
3 acres in size), and in Iowa 56 by 150 hills. 


TaBLE 5.—Mean field stands of sweet-corn varieties from untreated and treated seed, 
in plots replicated 10 times in Illinois and 7 times in Iowa, 1925 


Golden 


Country Gentleman Canadian Evergreen Delicious 


Nearly dis-| Diplodia- | Gibberella | Nearly dis- 


Treatment ease-free infected infected ease-free Diseased Diseased 
| a Gy 

| Ihli- -_ | Alli- | llli- | illi- vq | illi- | Allie | 
| nois lowa nos lowa nois lowa nois lowa nois lowa nois | lowa 
P.ct.| P.ct.| P.ct.| P. ct. P.ct. P.ct.| P.ct. P.ct.| P.ct.| P. ct. 
No treatment 86.8 | 92.4 | 38.8 | 5L9 85.4 92.3 | 78.5 82.9) 520) 49.5 
Water soak (114 hours) 85.4 | 91.4 | 40.2 | 58.0 | 53.5 83.7 | 86.1 | 74.6 840) 54.0) 46.3 
Semesan soak (1! hours) 86.0 | 92.9 | 62.4 | 64.1 85.5 | 91.1 | 78.3 89.9 | 62.0] 63.5 
Semesan Junior (dust) 85.6 | 90.8 | 61.4 | 59.2 81.5 | 88.0 | 74.6 84.4 | 56.0) 62.8 
Uspulun soak (1% hours) 85.2 | 91.5 | 68.2 62.9 87.9 92.6 | 81.4 87.4 | 63.0) 69.7 
Bayer Dust - | 86.8 | 91.8 | 62.0 | 68. 3 86.4 | 91.5 | 78.8 87.2 | 57.0) 58.7 
Corona 620 soak 1% hours) | 86.6 | 89.3 | 64.4 | 63.8 82.4 86.1 | 68.8 76.5 | 58.5| 65.1 
Corona 640 soak (dust) 86.8 | 90.6 | 62.9 | 68.3 85.4 85.4 | 79.4 85.6 | 60.0 52.5 
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Field stand data were taken when the plants were 6 inches to 
1 foot high. The production data were recorded as total yields and 
yields of good corn. Total yields of plots were obtained by weighing 
the snapped ears without removing the husks. Yields of good corn 
were obtained, after the husks were removed, by weighing only the 
ears prime for canning purposes. Yield of good corn, therefore, 
is the weight of husked ears after discarding nubbins, rotten ears, 
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Fic. 1.—Graph showing mean field stands of sweet corn from untreated and treated seed, in 
plots replicated 10 times in Illinois and 7 times in lowa, 1925. (Data in Table 5) 


and ears which had not reached or had passed the prime stage. 
The field stand data are presented in Table 5 and Figure 1. 

The data in Table 5 and Figure 1 show that the stands resulting 
from good (nearly disease-free) seed are affected but little by the 
treatments used in the experiments. The stands from diseased seed, 
with some exceptions in one lot, are increased materially. The per- 
centage of increase in each case probably depended on such factors 
as the particular diseases present in the diseased lot, the percentage 
of kernels infected, the conditions under which germination and 
early growth took place, and others. It is known in a general way 
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from previous experiments that Diplodia-infected and Gibberella- 
infected dent-corn seed give poorer stands when planted in cold soil 
than in warm, and in reasonably wet soil than in dry. In line with 
this, the data show poorer stands in the Illinois than in the lowa 
experimental plots. The plots in Illinois were planted May 18 and 
19 in cool, dry soil, while those in Iowa were planted May 28 in 
somewhat warmer, dry soil. It is to be expected that if a treatment 
controlled a certain seed-borne disease of this type, without injury 
to the seed, the greatest differences between stands in treated and 
untreated plots would occur when plantings were made under con- 
ditions most favorable for the disease. As conditions in Illinois at 
planting time were more favorable to Diplodia dry-rot and Gibberella 
root-rot diseases than were those in Iowa, greater differences in field 
stands from treated and untreated infected seed were recorded in the 
Illinois than in the Lowa experiments. 

Diplodia seedling blight as compared with Gibberella seedling 
blight seems somewhat more amenable to control by certain seed 
treatments. This explains to some extent why there are greater 
differences in stands from treated and untreated Diplodia-infected 
seed than from treated and untreated Gibberella-infected seed. The 
mean field stands from treated Diplodia-infected seed were 63.8 per 
cent greater at Illinois and 24.1 per cent greater at Lowa than those 
of the respective controls, while the corresponding differences between 
treated and untreated Gibberella-infected seed were only 19.0 and 
7.5 per cent, respectively. 


— 


“ABLE 6.—Total yields and yields of prime canning sweet corn in pounds per acre 

at canning stage from seed untreated, seed soaked in water for 14% hours, seed 
treated with Semesan Jr., Bayer, and Corona 640 S dusts, and seed treated by 
soaking for 1% hours in 0.5 per cent solutions of Semesan and Uspulun and 
0.25 per cent solutions of Corona 620. Grown near Bloomington, Ill., and at 
Ames, Iowa, in 1925 


Num-| Notre. ant! Water soak | Semesan | Semesan Jr. 
| Soran Notreatment| Water soak (soak) (dust) 
Variety Seed condition repli- | | 


ca- | | | | | 
tions | Total | Good | Total | Good | Total | Good | Total Good 
} | } 
| } } | 
Illinois experi- | 
ments: | | | } 
Country | Nearly disease-free - __- 10 | 3,740 | 3,600 | 3,800 | 3,628 | 3,864 | 3, 


728 | 3,963 3,827 
Gentle- | | | | 
man, } 
Do._....| Diplodia-infected _ - -. 10 | 2,390 | 2,232 | 2,270 | 2,118 | 3,535 | 3,326 | 3,411 | 3,229 
Do__....| Gibberella-infected ¢ 10 | 2,360 | 2,231 | 2,460 | 2,316 | 2,948 | 2,800 | 2,892 2,757 
Canadian | Nearly disease-free __-- 10 | 3,710 | 3,454 | 3,666 | 3,397 3,963 | 3,724 | 4,011 3,724 
Evergreen. | 
A ee eee 10 | 3,059 | 2,895 | 3,023 | 2,483 | 3,178 | 3,009 | 2,812 | 2,653 
Golden De- ; Diseased¢- 10 | 2,390 | 2,160 | 2,454 | 2,188 | 2,692 | 2,473 | 2,572 | 2,359 
licious. | } | } 
Iowa _ experi- 
ments: | 
Country | Nearly disease-free ___- 7 | 4,592 | 3,719 | 4,450 | 3,455 | 4,734 | 3,658 | 4,511 | 3,658 
Gentle- | 
man. | 
Do__....| Diplodia-infected 7 | 2,540 | 1,605 | 3,028 | 2,011 | 3,150 | 2,215 2,824" 2,052 
Do__. Gibberella-infected ¢ 7 | 5,141 | 3,962 | 5,304 | 4,328 | 4,917 | 4,023 5,344 | 4, 287 
Canadian | Nearly disease-free _ 7 | 5,940 | 4,690 | 5,235 | 4,495 5,432 | 4,495 4,926 3,985 
Evergreen. | 
Do__....| Diseased - 7 | 6,035 | 5,161 | 5,486 | 4,816 6,157 | 5,263 6,157 5, 263 
— De- | Diseased « 7 | 2,967 | 2,520 | 2,479 | 2,134 | 3,495 | 3,170 3,658 | 3,069 
icious. 


« Bayer compound 0.4 per cent (soak) was used instead of Corona 620. 
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TaBLeE 6.—Total yields and yields of prime canning sweet corn in pounds per acre 
at canning stage from seed untreated, seed soaked in water for 1% hours, seed 
treated with Semesan Jr., Bayer, and Corona 640 S dusts, and seed treated by 
soaking for 14% hours in 0.5 per cent solutions of Semesan and Uspulun and 
0.25 per cent solutions of Corona 620. Grown near Bloomington, Ill., and at 
Ames, Iowa, in 1925—Continued 


Num- Uspulun aver . Corona 620 | Corona 640 
ber of (soak) Bayer (dust) (soak) 8 (dust) 
Variety Seed condition repli- 


ca- | | 
tions | Total | Good Total | Good Total | Good | Total | Good 


Illinois experi- 





ments t 
Country | Nearly disease-free 10 | 3,670 | 3,557 3,626 | 3,444 | 3,530 | 3,401 | 3,608 | 3,472 
Gentle- 
man 
Do Diplodia-infected 10 | 3,626 | 3,439 3,063 3, 151 3,070 | 2,913 
Do Gibberella-infected ¢__ 10 | 2,956 | 2,785 | 2,807 2, 690 2,511 | 2,316 
Canadian Nearly disease-free 10 | 3,847 | 3,706 | 3, 525 3, 652 3, 785 | 3,397 
Evergreen 
Do Diseased - 10 | 3,080 | 2,952 | 3,022 2,690 | 2,511 2, 852 
Golden De- Diseased ¢ 10 | 3,074 | 2,886 | 2,493 2, 534 | 2,260 2, 188 
licious. 
Jowa experi- 
ments 
Country Nearly disease-free 7 | 4,308 | 3,272 | 4,592 | 3,455 4,088 | 3,374 | 4, 267 | 3,455 
Gentle- 
man. 
Do ‘j Diplodia-infected 7 | 3,332 | 2,093 | 3,515 | 2,560 | 3,028 | 2,032 3,150 | 2,194 
Do Gibberella-infected ¢ 7 | 4,857 | 3,799 | 5,121 | 4,267 5,161 | 4,145 5,222 | 4,470 
Canadian Nearly disease-free 7 | 5,865 | 4,887 | 5,432 | 4,651 5,239 | 4,377 | 4,870 | 4,026 





Evergreen 





a Diseased 7 | 5,832 | 5,181 | 6,015 | 5,283 5,36 4,531 | 5,670 | 4,917 
Golden De- Diseased « 7 | 3,902 3, 496 | 3,394 | 3,068 3,983 3,414 3,211 | 2,825 
licious. | 


* Bayer compound 0.4 per cent (soak) was used instead of Corona 620. 
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Fic. 2.—Graph showing percentage increases and decreases in yields from various lots of nearly 
disease-free and diseased sweet-corn seed, following certain seed treatments at Bloomington, 
Ill., and Ames, Iowa, 1925 


The yield data from the Illinois and Iowa plots are presented in 
Table 6 and summarized in Table 7 and Figure 2. These data show 
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that yields from nearly disease-free seed are not significantly changed 
by certain seed treatments, and that some lots of diseased sweet-corn 
seed are benefited more than others. The most noticeable effects 
produced by the treatments were on Diplodia-infected and Gibber- 
ella-infected seed. 


TABLE 7.—Summary of data in Table 6 showing percentage increases (-+-) or decreases 
(—) in yields of sweet corn prime for canning (odds by ‘‘Student’s’’ Method) 


Golden 






















Country Gentleman Canadian Evergreen Delicious 
hay on and All lots 
a ocation Nearly Diplodis Gibber- Nearly 
disease- infected ella- disease- Diseased Diseased 
free infected free 
Per Per Per Per Per Per Per 
Water soak cent Odds cent Odds | cent\|Odds cent Odds, cent |Odds cent | Odds cent | Odds 
Illinois +0.8, 1:1—-5.1 2:1; 3.8 2: —1.7; 1:1)\-—14 2} 18:1 cn: 5 = 
Iowa —7.1' 3:1) 25.3 9:1) 92) 8:1) —4.2) 3:1) —6.7] 3:1—15.3) 6:1/—-1.9) 4:1 
Semesan, 0.4 per cent | | 
(soak): | | 
Illinois 3.6 2:1) 49.01,427:1) 25. 5)132:1 7.8) 4:1 3.9) 2:1 14.5) 4:1] 15.0 
lowa —1.6 1:1) 33.0 22:1; 1.5) 1:1) —4.2) 2:1 2.0; 2:1, 25.8) 9:1) 5&4) 7:1 
Semesan Jr. (dust) | 
Illinois 6.3 3:1) 44.7; 344:1) 23.6) 20:1 7.8, 3:1 —8.4) 7:1 9.2) 4:1) 11.9) . 
lowa —1.6 2:1) 27.9 31:1, 8&2 6:1|—15 0} 5:1 2.0; 2:1) 21.8) 8:1) 3.0] 3:1 
Uspulun, 0.4 per cent | | 
(soak) | | 
Illinois. ‘ 1.2, 1:1) 54.1) 908:1) 24.8) 10:1 7.3) 5:1 2.0; 1:1) 33.6) 29:1) 16.6 
lowa 12.0) 10:1) 30.4 14:1 —4.1) 3:1) 4.2) 2:1 0.4) 1:1) 38.7) 12:1) 4.9) 5:1 
Bayer Dust | 
Illinois —4.3) 1:1) 29.9 19:1) 19.1) 10:1) —4.5) 2:1) —2.5) 1:1 65.3) 1:1) 5.0 
lowa —7.1 4:1) 59.5 79:1) 7.7) 5:1) -0.8) 1:1 2.4) 2:1) 21.7) 7:1) 7.5) 13:1 
Corona 620, 0.25 per | 
cent (soak) | 
Illinois —5.5, 2:1) 33.8 50:1, 14.0) 5:1 0.0 —13.3) 18:5 4.6 I:1) 3.5 
Iowa —9.3 5:1) 26.6 8:1) 4.6) 4:1) —6.7) 3:1)—12.2) 22:1| 35.5) 26:1) 1.0 
Corona 640 8. (dust) | 
Illinois —3.6 2:1) 30.5 11:1) 3.8) O:1) —1.7) 1:1) —L5) 1:1 13) 1:1) 3.4 
lowa —7.1, 11:1) 36.7 22:1; 12.8) 11:1]}—14.2) 8:1) —4.7| 3:1) 12.1) 4:1) Ld 1:1 
LQUSEASE - FREE 2 ee _aaee_ ae —_- aad 
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Fic. 3.—Graph showing yields of Country Gentleman sweet corn prime for canning, from nearly 
disease-free seed and from treated and untreated Diplodia-infected and Gibberella-infected seed 
at Bloomington, Ill., 1925 


| Figures 3 and 4, which are graphical presentations of data from 
Table 6, show acre yields from three composites of Country Gentle- 
man sweet-corn seed of the same strain. Figure 3 presents the 
results from the Illinois plots which were on land that might be 
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considered uniform, not only for the plots in a given lot but also 
for the different lots. The lowa plots were uniform for the plots in 
each lot, but not uniform for the different lots. Hence, Figure 3 
represents the yields of lots grown on uniform soil where differences 
are largely due to the presence or absence of disease in the lots and 
to the effectiveness of the seed treatments. In like comparisons of 
yields from the Iowa plots, shown in Figure 4, the differences 
between the lots are due largely to differences in soil fertility. 

The purpose of Figure 3 is to present the available data pertain- 
ing to relative yields from untreated, nearly disease-free seed and 
from untreated and treated diseased seed of the same strain. There- 
fore, this graph indicates the value of good seed as compared with 
that of certain types of diseased seed, whether untreated or treated. 
Figure 3 shows that the untreated Diplodia-infected seed yielded 38 per 
cent less than the untreated nearly disease-free seed, but the best 
yield from treated Diplodia-infected seed was only 4.5 per cent less 
than that from the untreated nearly disease-free seed. The value of 
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Fic. 4.—Graph showing yields of Country Gentleman sweet corn prime for canning, from nearly 
disease-free seed and from treated and untreated Diplodia-infected and Gibberella-infected seed 
at Ames, Iowa, 1925 


seed treatment in this case was relatively large because the diseased 
seed lot had but few dead kernels and, excluding the dry-rot disease, 
was as free from certain types of weakness as was the nearly disease- 
free lot. 

Figure 3 shows that untreated Gibberella-infected seed also yielded 
38 per cent less than the untreated nearly disease-free seed, but 
the best yield from treated Gibberella-infected seed was still 22.2 
per cent less than the yield from nearly disease-free seed. The 
value in this case was less, not necessarily because the Gibberella 
disease is more difficult to control than the Diplodia disease, but 
probably because the seed lot contained 15 per cent of dead kernels, 
upon which seed treatments have no practical effect. 


DISCUSSION 
The results of experiments herein reported show that treatment 
of sweet-corn seed with any of several different organic mercury 
compounds largely prevents the seedling blights caused by Diplodia 
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-eae and Gibberella saubinetii and does not injure the seed. The 
two diseases produced by these organisms usually are the most 
important of the fungous diseases which cause unsatisfactory field 
stands. These diseases are widespread and are found to some 
extent in most sweet-corn seed. In certain years, sweet-corn seed 
generally is highly infected. In other years, severe infection of 
seed occurs only in some sections. Therefore, at least at times, 
treating the seed would be advantageous in the economic production 
of sweet corn. 

Many may follow the practice of treating sweet-corn seed without 
knowing whether or not either of these two diseases is present. 
Especially for them, it may be well to point out more definitely the 
limits of sweet-corn seed treatments in order to prevent expectation 
of results beyond those indicated by the data. 

Seed treatments can not replace satisfactorily any of the methods 
now used in obtaining good sweet corn, and should not interfere in 
any way with any line of sweet-corn improvement. As shown by 
the data, the treatments do not put life into dead seeds, and it 1s 
not expected that they will materially affect those weaknesses of 
the seed caused by immaturity, early fall frosts, and exposures to 
low temperatures when the moisture content of the seed is high. 

Seed treatments of sweet corn will be of most value in those years 
when it is practically impossible to obtain seed that is not somewhat 
heavily infected with Diplodia zeae and Gibberella saubinetii. 


SUMMARY 


No practical control of bacterial blight of sweet corn was obtained 
by treating the seed. 

When nearly disease-free seed was used, the field stands and yields 
were affected but little by seed treatments with organic mercury 
compounds. 

When seed diseased with Diplodia zeae or Gibberella saubinetii 
was used, the field stands and yields nearly always were materially 
increased by seed treatments with organic mercury compounds. 

The yields from nearly disease-free seed were slightly higher than 
those from treated Diplodia-infected seed, and considerably higher 
than those from treated Gibberella-infected seed. 

When only diseased seed is available for planting, certain seed 
treatments will have distinct value. Such seed treatments do not 
injure the seed. 























CORRELATIONS OF SEED, FIBER, AND BOLL 
CHARACTERS IN COTTON! 


By Tuomas H. KEARNEY 


Senior Physiologist in Charge, Alkali and Drought Resistant Crops, Bureau of Plant 
Industry, United States Department of Agriculture 


INTRODUCTION 


The purpose of this contribution is to bring together in convenient 
form information in regard to the correlations existing among the 
characters of the bolls, seeds, and fiber of cotton. Numerous deter- 
minations have been made at the United States field station, Sacaton, 
Ariz., chiefly on Pima and other varieties of the Egyptian type, but 
also on a second generation population of a hybrid between upland 
and Egyptian cottons. The data obtained in Arizona are supple- 
mented by reference to the published data of other investigators 
who worked chiefly with upland cottons. 

With the exception of the above-mentioned hybrid, the material 
on which the correlations were determined was more or less homo- 
geneous, hence not suitable for revealing such linkages as may exist 
among the characters considered. It was sought to ascertain the 
physical and physiological interrelations of characters that are of 
practical importance in cotton breeding, but the data thus obtained 
should be useful for comparison in future genetic studies. 

All correlations were determined by the product-moment method. 


CORRELATIONS DETERMINED ON INDIVIDUAL BOLLS OF PIMA 
COTTON 


The population comprised 50 plants scattered through two plots of 
the commercial stock of Pima cotton at Sacaton in 1925. Ten char- 
acters were determined on from two to five bolls on each plant, only 3- 
lock bolls being used. Boll length, boll diameter, and boll index were 
determined on 250 bolls and the other characters on 224 bolls. Each 
boll was tagged when measured. The external dimensions were 
measured on bolls judged to be fully developed although still closed. 
The length and the maximum diameter of the boll were measured 
with specially designed calipers (figs. 1 and 2). To check the first 
measurements, many of the bolls were measured again two weeks 
later, but as the second series was incomplete, the first measure- 
ment was used in plotting the correlations, except in 14 cases where the 
second measurement showed a noteworthy increase in one or both 
dimensions. When these bolls had opened naturally the dry seed 
cotton was gathered and was weighed on a chemical balance. The 
content of each boll was then ginned separately and the weight of 
the seeds was determined. The weight of the fiber was determined 
by subtraction.’ 

' Received for publication July 7, 1926; issued October, 1926. 


? The determination of all characters were made by George J. Harrison, Robert H. Peebles, and Dow 
D. Porter 
Journal of Agricultural Research, Vol. 33, No. 8 
Washington, D.C. Oct. 15, 1926 
‘ Key No, G-551 
13707 
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All correlations were plotted on the basis of determinations on the 
same individual bolls; hence the number was in each case 224, except 


in the correlations of boll 


r~ length with boll diameter, 
boll length with boll index, 
= and boll diameter with boll 


length, in which the number 
was 250. Computations 
by the product-moment 
method were made of all 





2 . 

= possible correlations of the 
CE nine characters seed cotton 
= weight per boll, fiber weight 
Let =] . 

oF per boll, lint percentage, 
cE lint index, number of seeds 
3 per boll, mean weight of 
LE the individual seeds, boll 
= length, boll diameter, and 
Ce r ‘ 


boll index. The coefficients 
of correlation are given in 
rt’ 

lable 1. 

Seed-cotton weight per 
= boll shows, as would be 
expected, very high posi- 
tive correlations with fiber 
a weight per boll and number 
= of seeds per boll. It is 
also positively and very 
= significantly but not very 

= highly correlated with the 
—— external length and diam- 
ric. 1.—Caliper (designed by eter of the boll, hence it 

W. G. Wells) for measuring may be concluded that 

the length of cotton bolls - 

without detaching them from these external measure- 

the plant. The fixed arm is =: 

placed so that the hase of the ments of the fully de- 

boll rests upon its thin edge yeloped but unopen boll 

and the adjustable plate is . a ° ° 

moved along the vertical bar give only a fair indication 

—— lightly upon the iy Of the weight of its matured 
of the boll. The screw is contents. Still lower are 

then tightened and the read- +4: : 

ing is taken the positive correlations of 

seed cotton weight with lint 
percentage and lint index, yet both are significant 
(r/E 5.8 and 9.0). The occurrence of positive 
correlations in these cases probably signifies that 
favorable conditions, conducive to the develop- 
ment of heavy bolls, are also conducive to a greater 
increase in the weight of fiber than of seed. 























F1G.2.—Caliper (designed by 
E. C. Chileott and L. J. 
Briggs) for measuring the 
diameter of cotton bolls 
without removing them 
from the plant. The angle 
formed by the diverging 
sides of the loop and the 
calibration of the intervals 
(millimeters) marked on 
them are so calculated that 
when the loop is placed 
horizontally over the boll 
at its point of greatest 
diameter and is pushed for- 
ward (from the handle) as 
far as possible without com- 
pressing the bol], the max- 
imum diameter of the boll 
is indicated by the figure 
on the seale at the point 
with which the side of the 
boll is in contact 


Fiber weight per boll is similar to seed-cotton weight in its correla- 
tions with other characters. The high positive correlation of fiber 
weight with number of seeds per boll shows the importance of the 
degree of fertilization as a factor in the yield of cotton (6; 
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7, p. 49-50).** As would be expected, fiber weight is more closely 
correlated than seed-cotton weight with lint percentage and lint 
index. 


TABLE 1.—Correlations of seed, fiber, and boll characters determined on 224 or 250 
individual bolls from 50 plants of Pima cotton, Sacaton, 1925 








j j 
Seed | Fiber | Lint we - | Boll 
. iber Jin , Number| weight 0 
here weight | percent- | few sad | of seeds | _ of in- enh | dia- fw wl 
per boll per boll age | | per boll |dividual meter 
| | seeds | 
Seed cotton weight | 
per boll__...-- ia 0.8584) 0.2444) 0.3524) 0.7574) 0.1054) 0. 418+) 0. 5462) 0. 0082 
. 012 . 042 0389 | . 019 . 045 -087 | . 032 . 045 
Fiber weight per boll 0. 858+ 5 602-4} . 42> - 700+) —. 104+ -4154| .4452) .0038> 
. 012 -029 | .082 . 023 . 045 . 037 | . 036 . 045 
Lint percentage ¢ 2444) =. 6024 540+) Wat] —.432+) 1704) . O74+/—. 142 
. 042 . 029 082 | .041 . 036 | 044 | 045 . 044 
Lint index » . 3524 . 5424 . 40+ —. 073+ . 379+) . 2372 . 228+) —. 1004 
. 039 0382 | .032 | | .045 . 038 .042 | .042 | .045 
Number of seeds per | } 
boll . 757+ . 700+ . 23844) —. 073+ ~. 433-4 . 310+ . 380+) —. 0414 
. 019 . 023 . Ol 045 | | .036 | . 041 . 038 . 045 
Mean weight of indi- | | | 
vidual seeds « 105+) —. 1044) —.4324| . 379-4 —, 4334/_..-- . 059+ - 1894; .076+ 
. 045 . 045 . 036 . 038 0386 | . . 045 . 043 . 045 
Boll length . 418+ 415+ - 179+) . 237+ . 310+ . 059+ - 385+, —. 680+ 
037 . 037 . 044 . 042 . O41 . 045 | 4 | 023 
Boll diameter . 464 445+ . 0744 - 228+) . 3804 . 1894 , 85+ ----\ . S20 
. 032 . 036 . 045 -042 | . 038 . 043 . 0138 . ; .040 
Boll index 4 . OOR+ . 0934) —. 1424) —. 1004) —. 041+) - 076+) —. 680+ . 825 e 
. 045 045 . 044 - 045 | 045 | .045 & 023 | =.040 ! us 


* Weight of fiber as a percentage of the weight of seed cotton. 
> Weight of fiber x 100 divided by the number of seeds. 

¢ Weight of seeds divided by number of seeds. 

4 Maximum diameter as a percentage of the length. 


Lint percentage shows a positive and very significant but far from 
perfect correlation with lint index, and we may conclude that the 
weight of the seeds is almost if not quite as important as the 
abundance of the fiber in determining the lint percentage (/, 4). 
The occurrence of a positive correlation (r 0.284) between lint per- 
centage and number of seeds per boll, with a coefficient seven times 
its probable error, might be regarded as a consequence of the positive 
correlation of similar magnitude between lint percentage and weight 
of seed cotton per boll, the latter character in turn being highly 
positively correlated with number of seeds per boll. The partial 
correlation of lint percentage with number of seeds constant for 
weight of seed cotton gives, however, a coefficient that is still signifi- 
cant (7 0.156+0.044) indicating that there is some association of 
high lint percentage ‘with a large number of seeds, independent of 
the other correlations mentioned and in spite of the fact that in this 
population weight of fiber per seed (lint index) is not significantly 
correlated with number of seeds. 


’ Reference is made by number (italic) to ** Literature cited,” p. 796 
‘ Counts of the number of ovules in 3-celled ovaries of Pima cotton, made at Sacaton in 1921 on 250 ovaries, 

showed a range of from 15 to 24, and a mean of 20.6+0.09 (7, p. 51). Since determinations at two localities 
in 1922 gave means of 20.8 and 21.5, it may be assumed that the true mean number of ovules in 3-celled 
ovaries of this variety is 21. The 224 three-lock bolls of Pima cotton in 1925 showed a range of from 8 to 23 
seeds per boll, the mean having been 17.6+0.13. This mean indicates that 84 per cent of the ovules had 
been fertilized under the exe eptionally favorable conditions for cotton pollination prevailing at Sacaton. 
As would be expected, there was greater variation in the number of seeds than in the number of ovules, 
the standard deviations having been, for seeds in 1925, 2.853+0.091 and for ovules in 1921, 2.1804+0.066, 
The difference amounts to 31 per cent and is six times its probable error. 
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Lint percentage shows a fairly high and very significant negative 
correlation with mean weight of the seeds. The lint percentage is 
not significantly correlated with boll diameter, but with boll length 
it shows a slight but probably significant positive correlation (r/E 4.1) 
which doubtless accounts for the low negative correlation of lint 
percentage with boll index (r/E 3.2). 

Lint index, unlike the lint percentage, is not significantly corre- 
lated in this material with number of seeds per boll, hence it may be 
concluded that the weight of the fiber borne by the individual seed 
is not affected by the number of seeds in the boll. On the other 
hand, there is a fairly high and very significant positive correlation 
between lint index and mean weight of the individual seeds. There 
are significant positive correlations of nearly equal magnitude be- 
tween lint index and the external length and diameter of the boll 
(r/E 5.6 and 5.4). In other words, the larger bolls tend to have a 
greater abundance of fiber on the individual seeds, but why this 
relation obtains is not clear. Unless there is a linkage involved, it 
probably expresses merely a like effect of environmental conditions 
on characters that are entirely independent. 

Number of seeds per boll, in addition to the correlations already 
mentioned, shows a fairly high and very significant negative correla- 
tion with mean weight of the individual seeds, and is positively and 
very significantly correlated with boll length and boll diameter 
(r/E 7.6 and 10.0). 

Boll length is positively and very significantly correlated with boll 
diameter; in other words, large bolls tend to be large in both dimen- 
sions and vice versa. A higher positive correlation than 0.385 might 
have been expected. 

Boll index, an expression of the shape of the boll, shows no correla- 
tion with other characters except the expected ones with its com- 
ponents boll length and diameter, the unimportance of the low nega- 
tive correlation with lint percentage having been pointed out. 

It was thought possible that the external length and diameter of the 
boll when integrated would show a higher positive correlation with 
weight of the contents (seed-cotton weight) than either external 
measurement taken separately. The correlations of seed-cotton 
weight with boll length plus the diameter and boll length plus twice 
the diameter, therefore were computed, and the values found for r 
were 0.518+0.033 and 0.582+0.030. Neither coefficient differs sig- 
nificantly from that of the correlation seed-cotton weight with boll 
diameter (r 0.546 + 0.032). 

The correlation between lint index and grade of seed fuzziness also 
was computed, and gave a value for r of only 0.042+0.045.° Very 
smooth seeded varieties of cotton tend to have sparse lint and the 
same appears to be true in general of such exceptionally smooth 
seeded individuals of the Pima variety as grade only 1 or 2 in seed 


5 The reality of this correlation is shown by the fact that when both fiber weight per boll and number of 
seeds per boll are held constant, the coefficient of partial correlation is 0.244+0.042 (r/E 5.8), which is 
not significantly lower than the coefficient of the original correlation of lint index with mean weight of the 
seeds (r 0.379+0.038). 

® This correlation was determined in Arizona also on 180 F2 plants of an Upland-Pima hybrid in 1919, 
on 178 plants of Pima cotton, in 1922, and on 36 plants of Sakellaridis cotton in 1922. In no case was the 
coefficient significant. 
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fuzziness.’ But the 50 plants of the commercial stock of Pima which 
furnished the material for this correlation all had more or less fuzzy 
seeds (grades 4 to 9), and within a population of a single variety hav- 
ing this range of fuzziness there appears to be no relation between 
the abundance of short fibers (fuzz) and of long fibers (lint). 


COMPARISON OF CORRELATIONS BASED ON INDIVIDUAL BOLLS 
+ Ab a THE MEANS OF SAMPLES CONSISTING OF NUMEROUS 
BOLLS 


Correlations of eight pairs of characters were determined in 1925 
on two lots of bolls of the commercial stock of Pima cotton: (A) 224 
individual bolls borne on 50 plants growing in the same field at Saca- 
ton and (B) 25 samples from as many fields in the Salt River Valley, 
each sample comprising 100 bolls, each boll from a different indi- 
vidual plant. For the 224 bolls (series A) as mentioned in the preced- 
ing section, each character was determined separately on each 
individual boll. For the 25 samples (series B) the mean seed 
cotton weight, fiber weight, and number of seeds per boll were 
obtained by dividing the total weight or number in the sample by 
100. Lint percentage was obtained by dividing the total fiber 
weight by the total seed cotton weight of the sample. Lint index 
was obtained by multiplying the total fiber weight of the sample 
by 100 and dividing by the total number of seeds. Mean weight 
of the individual seeds is the total weight of seeds in the sample 
divided by the total number of seeds. 

Table 2 gives, for both populations, the statistical constants of the 
characters involved in the correlations. The coefficients of correlation 
are given in Table 3. 


TABLE 2.—Statistical constants of the characters involved in correlations determined 
on (A) 224 individual bolls of Pima cotton and on (B) 25 samples of 100 bolls 
each of Pima cotton 


- 


Standard 
Character | Mean deviation of 
| the mean 


Number of seeds per boll 


Cog 


-22 (1.648 + .016 
- 0006 | . 0143+ . 0005 


4 5 De a " 

Seed cotton weight per boll (grams) - 4 : = = = 0. = - a = 

Fiber weight per boll (grams) - . .~ = a “1 “4 > ‘a 
7.6 +.13 2,853 + .091 
7. - 


Mean weight of individual seeds (grams) 


a 


_—— ee en, 
ow 


B .1352 .0008 .0062+ . 0006 
Lint index (grams) : hte - oo . y oy 


* The standard deviations and probable errors of the means of series B have been corrected for the num - 
ber (25). 


7 A case of linkage between naked seeds and sparse lint and vice versa is reported by Thadani (/3). 
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Tape 3.—Coefficients of correlation in two series of samples of Pima cotton, 1925, 
these being (A) 224 individual bolls (B) 25 samples of 100 bolls each 





Coefficient of | eee Tee a Coefficient of 
Céerelation | Character pair 


correlation 


Character pair 


0. 3520. 039 | Fiber weight per boll and mean 


Seed-cotton weight per boll and jA {i —. 104% . 045 
lint index.. {B . 590+ . O88 | weight individual seeds- B .4354 .109 
Seed-cotton weight per boll and \h . 757+ .019 | Lint — and number of seeds {fs —. 073+ .045 
number seeds per boll B .934+ .017 | _ per boll. z E 436+ . 109 
Fiber weight per boll and lint fA .542+ .032 | Lint index and mean weight in- {5 . 379+ . 038 
index \B .721+ . 065 | dividual seeds____- B .3574 .117 
Fiber weight per bolland number fA .700+ .023 | Number of seeds per boll and {5 —. 433+ . 036 
of seeds per bol {3 881+ . 030 mean weight individual seeds B .396+ .114 
| 


The standard deviation of every character (Table 2) was greater 
in Series A (224 individual bolls) than in Series B (25 samples of 100 
bolls each) as would be expected since in the latter series the units 
are averages. 

The correlations of seed cotton weight and of fiber weight per boll 
with lint index and with number of seeds per boll are in the same 
direction in both series, but in every case the correlation appears to 
be closer in Series B. For the correlation of lint index (mean weight 
of fiber per seed) with mean weight of the individual seed, the coeffi- 
cients for the two series are nearly identical. The correlations of 
fiber weight per boll with mean weight of the individual seeds, lint 
index with number of seeds per boll, and number of seeds per boll 
with mean weight of the individual seeds gave coefficients in the two 
series which were of opposite sign and differed by an amount not less 
than 0.5. 

As to the significance of the differences between the coefficients of 
correlation of the two series given in Table 3, it should be noted that 
the probable errors of the coefficients of correlation were computed 

0.6745 x (1—r? ) 


by the usual formula ( = ): The number of samples in 
yn 


series B was only 25, and it has been shown recently by 
Fisher (3) that the probable errors of coefficients of correlation 
based on small numbers are too low when computed by this formula. 
Fisher’s method of “transformed correlations” (3, p. 161-169) there- 
fore has been used in determining the significance of the differences 
between the coefficients of series A and B. The differences as thus 
computed are shown in Table 4. 


TABLE 4.—Significance of differences between the coefficients of correlation obtained 
on the two series of samples, A and B, as determined by the method of ‘transformed 
correlations ”’ 


Difference 


between 
Correlation transformed D/E 
correlations 
(z) 
Seed-cotton weight per boll with lint index 0. 3140. 223 1.4 
Seed-cotton weight per boll with number seeds per boll . 70+ . 223 3. 1 
Fiber weight per boll with lint index . - 30+ . 223 1.3 
Fiber weight per boll with number seeds per boll 51+ . 223 2.3 
Fiber weight per boll with mean weight of seeds 574 . 223 2.6 
Lint index with number seeds per boll - 54+ . 223 2.4 
Lint index with mean weight of seeds |} ,08+ . 223 0.1 
Number seeds per boll with mean weight of seeds ‘ | «88+ . 223 3.9 
| 
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Application of this method of transformed correlations brought 
out differences between the correlations in the two series of samples 
that were probably significant in only two cases, seed cotton weight 
with number of seeds per boll (D/E 3.1) and number of seeds per boll 
with mean weight of the individual seeds (D/E 3.9). The latter 
case is particularly interesting since the coefficients were of opposite 
sign and of nearly equal magnitude. In series A the coefficient of 
the partial correlation of number of seeds per boll with mean weight 
of the individual seeds constant for fiber weight per boll (r —0.505 + 
0.034) does not differ significantly from that of the original correla- 
tion (r —0.433+0.036). In series B the original correlation (r 0.396 
+ 0.114) disappears in the partial correlation constant for fiber weight 
per boll (r 0.030+0.135). It is probable therefore that the appar- 
ently significant positive correlation in series B between the number 
and the mean weight of the seeds is conditioned by the very high 
positive correlation in this material between number of seeds and 
fiber weight per boll (r 0.881+0.030 as compared with 0.700 + 0.023 
in series A). The coefficients of the two series for the partial corre- 
lation of number of seeds per boll with mean weight of the individual 
seeds constant for fiber weight per boll do not differ significantly 
when compared as transformed correlations, the difference being 
only 0.43 + 0.223. 

Conceivably, however, there might have been a real difference 
between the two series in the direction of the correlation between 
number of seeds per boll and mean weight of the individual seeds, if, 
in series B, in which the characters were positively correlated, both 
number and weight of the seeds had been affected in a like direction 
by the conditions, favorable or unfavorable, in the 25 fields in Salt 
River Valley from which the 25 samples were taken. The diversity 
of conditions among these fields was much greater than the diversity 
within the field at Sacaton in which the 224 bolls of series A were 
collected.’ A physiological tendency to decreasing weight of the 
individual seeds as their number in the boll increases may be as- 
sumed as the cause of the negative correlation in series A, the effect 
of which tendency, if present also in series B, may have been overcome 
by the greater influence of very diverse environmental conditions. 

The data given in Table 3 shows clearly the danger of generalizing 
concerning the correlation of characters on the basis of a coefficient 
determined on a single population or under one set of conditions. 
The two populations here compared were of the same variety and 
were grown in the same year, yet for three pairs of characters they 
yielded coefficients of opposite sign. Analysis indicated that in this 
case the differences probably were not significant, but it is conceivable 
that significantly different coefficients of correlation might be given 
by subpopulations one of which had been subjected to a relatively 
uniform and the other to a very diverse environment. 

§¢ omparison of the standard deviations in Table 2 would suggest, on the contrary, that series A had been 
subjected to a greater diversity of environment than series B. But, as already mentioned, the units from 
which the statistical constants were computed were individual bolis in series A and averages of 100 bolls 
in series B. Hence comparison of the standard deviations of A and B is valueless as an indication of the 
relative diversity of the environments to which the two series had been exposed, for the standard deviations 
of series B represent merely the variation from field to field and do not take account of the variation within 
each of the 25 fields which, presumably, was of the order of magnitude indicated by the standard deviations 
of series A. Ifthe 25 samples of 100 bolls each of series B could be regarded merely as multiplications of the 
one sample of 224 bolls constituting series A, the standard deviation of series B should have been only about 
one-tenth the observed standard deviation of series A. On this assumption, the standard dev iations of 
series B for the several characters, as given in Table 2, are from 4 to 8 times the values that would have 


been obtained if the 2,500 bolls of series B had constituted a population as homogeneous as the 224 bolls of 
series A. 
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SYNOPSIS OF ALL CORRELATIONS DETERMINED IN ARIZONA 





In addition to the two series of correlations determined in 1925 
and discussed in the preceding sections, numerous correlations among 
the same and other boll, seed, and fiber characters had been deter- 
mined in Arizona in previous years, chiefly on cottons of the Egyptian 
type but also on 180 F, plants of an upland-Egyptian hybrid grown 
at Sacaton in 1919 (8). It seems desirable therefore to bring 
together all available data on the correlation of each pair of charac- 
ters, supplementing the Arizona data with references to correlations 
determined by other investigators, working with cottons of the 
upland type.° 

The order in which the correlations are arranged is indicated by the 
following list of subjects: 


1. Seed-cotton weight per boll. 9. Fiber color. 

2. Fiber weight per boll. 10. Seed fuzziness. 
3. Seed weight per boll. 11. Boll length. 

4. Number of seeds per boll. 12. Boll diameter. 
5. Mean weight of individual seeds. | 13. Boll index. 

6. Lint percentage. 14. Boll apex index. 
7. Lint index. | 15. Boll volume. 

8. Fiber length. | 


In the case of the upland-Egyptian hybrid two different lots of 
material were used. The boll characters length, diameter, index, 
and apex index were determined on one unopen boll from each 
plant and the seed and fiber characters lint index, seed fuzziness, 
fiber length, and fiber color were determined on the contents of five 
matured bolls from each plant. Consequently only the correlations 
among the four boll characters and the correlations among the four 
seed and fiber characters will be considered in this section. 

As to the units on which are based the correlations in Egyptian 
cottons, for characters 1 to 10 these were single bolls in only one series 
of samples, the 224 Pima bolls of 1925. In all other series, the units 
were the means of several bolls, each lot of bolls representing either 
a different individual plant or a different field. In a few cases the 
means of progenies, each progeny comprising several individual 
plants, were the units employed in computing the correlations. 
For characters 11 to 15 the units on which the correlations are based 
were in nearly all cases determinations made on single bolls (one per 
plant). 

SEED-COTTON WEIGHT PER BOLL WITH FIBER WEIGHT PER BOLL.—The expected 
high and very significant positive correlation was shown by 224 individual bolls 
of Pima cotton in 1925 (r 0.858+ 0.012). 

SEED-COTTON WEIGHT PER BOLL WITH NUMBER OF SEEDS PER BOLL.—High and 
very ve positive correlation w as shown in 1925 by 224 individual bolls of 


Pima cotton (r 0.757+0.019) and by 25 samples of 100 bolls each of Pima cotton 
(r 0.934 + 0.017) 


* The most comprehensive data hitherto published on correlations of boll, seed, and fiber characters of 
cotton are those of: 

Hodson (4), who determined correlations on from 34 to 85 individual plants of 2 different varieties in 
1911 to 1917, on 48 varieties in 1917, and on 87 varieties in 1918. It may be inferred that in the last two 
series varie tal means were the units in plotting the correlations. 

Dunlavy (2), whose correlations were based on from 127 to 167 individual plants in Texas. 

Martin and Mason (/0), whose correlations were based on 811 individual plants in Nigeria. 

Stroman (/2), who determined correlations for each of 16 varieties in Texas, using 50 plants of each 
variety. 

The units employed by the investigators cited in computing the correlations were not individual bolls 
but individual plants or varietal means. 
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SEED-COTTON WEIGHT PER BOLL WITH MEAN WEIGHT OF INDIVIDUAL SEEDS.— 
Not significantly correlated in 224 individual bolls of Pima cotton in 1925 
(r 0.105+ 0.045). Dunlavy (2) found a high, positive, and very significant 
correlation (r 0.664+ 0.034) in upland cotton between what he terms ‘“‘boll 
size’’ (weight of seed cotton per boll) and mean seed weight, and Hodson (4) in 
four populations of upland cottons obtained coefficients ranging from 0.5064 
0.086 to 0.832 + 0.030. 

SEED-COTTON WEIGHT PER BOLL WITH LINT PERCENTAGE.— A low but apparently 
significant positive correlation was shown by 224 individual bolls of Pima cotton 
in 1925 (r 0.244+ 0.042), while Dunlavy (2) records a significant negative corre- 
lation in upland cotton (r—0.394+0.051). Hodson (4) determined this corre- 
lation in five populations of upland cotton and got significant coefficients in 
only two cases, one positive (r 0.395+ 0.061) and one negative (r —0.455+ 0.092). 

SEED-COTTON WEIGHT PER BOLL WITH LINT INDEX.—Positive and significant 
correlation was shown in 1925 by 224 individual bolls of Pima cotton (r 0.352+ 
0.039) and by 25 samples of 100 bolls each of Pima cotton (r 0.590+ 0.088). 
Three other populations of Pima cotton in 1923 and 1924 gave coefficients of 
0.502 + 0.082, 0.515+ 0.068 and 0.588+0.072. Dunlavy (2) obtained in upland 
cotton a coefficient of 0.480+ 0.046. 

SEED-COTTON WEIGHT PER BOLL WITH FIBER LENGTH.—This correlation was not 
determined in Arizona, but Hodson (4) reports for five samples of upland cottons 
coefficients ranging from 0.030+ 0.115 to 0.300+ 0.067, and Dunlavy (2), who 
uses the term ‘boll size’”’ for seed-cotton weight, got a coefficient for upland 
cotton of 0.214+ 0.057. 

SEED-COTTON WEIGHT PER BOLL WITH PERCENTAGE 5-LOCK BOLLS PER PLANT. 
As determined by Dunlavy (2) on upland cotton, a rather high positive corre- 
lation was shown (r 0.533 + 0.058). 

SEED-COTTON WEIGHT PER BOLL WITH BOLL LENGTH.—A positive arid very 
significant correlation was shown by 224 individual bolls of Pima cotton in 1925 
(r 0.418+ 0.037). 

SEED-COTTON WEIGHT PER BOLL WITH BOLL DIAMETER.—A positive, very sig- 
nificant, and fairly high correlation was shown by 224 individual bolls of Pima 
cotton in 1925 (r 0.546 + 0.032) 

SEED-COTTON WEIGHT PER BOLL WITH BOLL INDEX.—Among the 224 individual 
bolls of Pima cotton in 1925 there was no correlation between weight of the 
matured contents of the boll and shape of the fully developed but unopen boll 
as indicated by its maximum diameter relative to its length (r 0.008+ 0.045). 

FIBER WEIGHT PER BOLL WITH SEED WEIGHT PER BOLL.—As would be ex- 
pected, a very high and very significant positive correlation was shown by 25 
samples of 100 bolls each of Pima cotton in 1925 (r 0.865+0.034). The partial 
correlation constant for number of seeds gave a coefficient of only 0.250+ 0.126, 
indicating that the number of seeds in the boll rather than their individual 
weight determines the correlation with fiber weight. 

FIBER WEIGHT PER BOLL WITH NUMBER OF SEEDS PER BOLL.—High and very 
significant positive correlation was shown in 1925 by 224 individual bolls of 
Pima cotton (r 0.700 + 0.023) and by 25 samples of 100 bolls each of Pima cotton 
(r 0.881+0.030). Three populations of Pima cotton in 1920 and 1923 gave 
coefficients of 0.48+0.11, 0.571+0.034 and 0.628+ 0.039. 

FIBER WEIGHT PER BOLL WITH MEAN WEIGHT OF INDIVIDUAL SEEDS.—No 
significant correlation was shown by 224 individual bolls of Pima cotton in 1925 
(r—0.104 + 0.045), but 25 samples of 100 bolls each of Pima cotton in 1925 gave 
a coefficient of 0.435+0.109. It has been shown, however (Table 4) that owing 
to the small number of the latter series, these coefficients probably do not differ 
significantly. The apparent correlation shown by the 25 samples doubtless is 
due to the high correlation between fiber weight and number of seeds per boll 
(r 0.88+0.03) since the partial correlation of fiber weight per boll with mean 
weight of seeds constant for number of seeds per boll gave a coefficient of only 
0.198 + 0.129. 

FIBER WEIGHT PER BOLL WITH LINT PERCENTAGE.—A rather high and very 
significant positive correlation was shown by 224 individual bolls of Pima cotton 
in 1925 (r 0.602 + 0.029). 

FIBER WEIGHT PER BOLL WITH LINT INDEX.—Fairly high and very significant 
positive correlation was shown in 1925 by 224 individual bolls of Pima cotton 
(r 0.542 + 0.032), and a still higher correlation by 25 samples of 100 bolls each 
of Pima cotton (r 0.721+40.065). The partial correlation constant for number 
of seeds per boll increases the coefficient of the first series to 0.830+ 0.014 and 
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that of the second series to 0.790+0.051. Twelve samples of Pima cotton 
from as many fields in Salt River Valley in 1920 gave a correlation between fiber 
weight per boll and lint index of 0.90 + 0.03. 

FIBER WEIGHT PER BOLL WITH BOLL LENGTH.—The correlation shown by 224 
individual bolls of Pima cotton in 1925 (r 0.415+0.037) was almost identical 
with the correlation in the same material between seed-cotton weight and boll 
length. 

FIBER WEIGHT PER BOLL WITH BOLL DIAMETER.—The correlation shown by 
224 individual bolls of Pima in 1925 (r 0.445+0.036) was lower but not signifi- 
eantly lower than the correlation between seed-cotton weight and boll diameter. 

FIBER WEIGHT PER BOLL WITH BOLL INDEX.—As in the case of seed-cotton 
weight per boll with boll index, no significant correlation was shown by 224 
individual bolls of Pima cotton in 1925 (r 0.093 + 0.045). 

The correlation of fiber weight per boll with seed-cotton weight per boll has 
been mentioned under the latter character as subject. 

SEED WEIGHT PER BOLL WITH NUMBER OF SEEDS PER BOLL.—As would be 
expected, these characters are very closely correlated, the coefficient for 25 
samples of 100 bolls each of Pima cotton in 1925 having been 0.934+ 0.017. 

SEED WEIGHT PER BOLL WITH LINT PERCENTAGE.—TwWo series of samples of 
Egyptian cotton grown in Arizona in 1910 (5) showed the expected negative 
correlation (r —0.63+0.047 and —0.40+0.092). 

The correlation of seed weight per boll with fiber weight per boll has been 
mentioned under the latter character as subject. 

NUMBER OF SEEDS PER BOLL WITH MEAN WEIGHT OF INDIVIDUAL SEEDS.—A 
fairly high and very significant negative correlation was shown by 224 individual 
bolls of Pima cotton in 1925 (r —0.433+0.036), while a positive correlation of 
nearly equal magnitude was shown by 25 samples of 100 bolls each of Pima cotton 
in 1925 (r 0.396+0.114). As was suggested on a preceding page, this difference 
probably is not significant. 

NUMBER OF SEEDS PER BOLL WITH LINT PERCENTAGE.—A rather low but 
significant positive correlation was shown by 224 individual bolls of Pima cotton 
in 1925 (r 0.284+ 0.041). 

NUMBER OF SEEDS PER BOLL WITH LINT INDEX.—These characters were not 
significantly correlated in 224 individual bolls of Pima cotton in 1925 
(r —0.073+ 0.045), but an apparently significant positive correlation was shown 
by 25 samples of 100 bolls each of Pima in 1925 (r 0.436+0.109). It has been 
shown, however (Table 4), that when allowance is made for the small number in 
the second series, the difference between the two coefficients is not significant. 
In the 25 samples, the apparent correlation probably was due to the high positive 
correlation between fiber weight and number of seeds per boll (r 0.88+0.03), 
since the partial correlation of number of seeds per boll with lint index, constant 
for fiber weight per boll, gave a very significant negative coefficient (r —0.607 + 
0.085). The same partial correlation for the 224 individual bolls gave a coefficient 
of —0.750 + 0.020. 

NUMBER OF SEEDS PER BOLL WITH BOLL LENGTH.—A rather low but quite 
significant positive correlation was shown by 224 individual bolls of Pima cotton 
in 1925 (r 0.310+0.041). 

NUMBER OF SEEDS PER BOLL WITH BOLL DIAMETER.—A very significant 
positive correlation was shown by 224 individual bolls of Pima cotton in 1925 
(r 0.380 + 0.038). 

NUMBER OF SEEDS PER BOLL WITH BOLL INDEX.—There was no correlation 
between number of seeds and shape of the boll, as represented by its maximum 
diameter relative to its length (boll index) in 224 individual bolls of Pima cotton 
in 1925 (r —0.041+0.045). 

The correlations of number of seeds per boll with seed-cotton weight per boll, 
fiber weight per boll, and seed weight per boll have been mentioned under those 
characters as subjects. 

MEAN WEIGHT OF INDIVIDUAL SEEDS WITH LINT PERCENTAGE.—A fairly high 
and very significant negative correlation was shown by 224 individual bolls of 
Pima cotton in 1925 (r —0.432+0.036). In upland cotton Dunlavy (2) found 
a very significant negative correlation (r —0.529+0.038), as did also Martin 
and Mason (10) who obtained a eoefficient of —0.34+0.021. Hodson (4) found 
a significant correlation (r —0.40+0.08) in only one of four populations of 
upland cottons. 

MEAN WEIGHT OF INDIVIDUAL SEEDS WITH LINT INDEX.—A fairly high and 
very significant positive correlation was shown by 224 individual bolls of Pima 
cotton in 1925 (r 0.379+0.038) and an almost identical degree of correlation 
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by 25 samples of 100 bolls each of Pima cotton in 1925 (r 0.35740.117). A much 
closer association of weight of the seed and weight of the fiber borne on it (lint 
index) is reported by Dunlavy (2) for the upland cotton with which he worked 
(r 0.704+0.021) and by Martin and Mason (10) who also worked with upland 
cottons (r 0.56+0.016). Patel (71) in three strains of Gossypium herbaceum in 
India obtained coefficients of from 0.46+0.05 to 0.73 + 0.03. 

MEAN WEIGHT OF INDIVIDUAL SEEDS WITH FIBER LENGTH.—This correlation 
was not determined in Arizona, but Hodson (4) reports for five populations of 
upland cottons coefficients ranging from —0.04+0.11 to 0.30+ 0.066 and 0.33+ 
0.10. Dunlavy (2), also working with upland cottons, got a coefficient of 
0.426 + 0.043. 

MEAN WEIGHT OF INDIVIDUAL SEEDS WITH PERCENTAGE 5-LOCK BOLLS PER 
PLANT.—Dunlavy (2) found no significant correlation in upland cotton (r 
0.114+ 0.055). 

MEAN WEIGHT OF INDIVIDUAL SEEDS WITH BOLL LENGTH.—No correlation was 
shown by 224 individual bolls of Pima cotton in 1925 (r 0.059+0.045). 

MEAN WEIGHT OF INDIVIDUAL SEEDS WITH BOLL DIAMETER.—A low but appar- 
ently significant positive correlation was shown by 224 individual bolls of Pima 
cotton in 1925 (r 0.189+ 0.043). 

MEAN WEIGHT OF INDIVIDUAL SEEDS WITH BOLL INDEX.—No correlation was 
shown by 224 individual bolls of Pima cotton in 1925 (r 0.0764 0.045). 

The correlations of the mean weight of individual seeds with seed cotton weight 
per boll, fiber weight per boll, and number of seeds per boll have been mentioned 
under those characters as subjects. 

LINT PERCENTAGE WITH LINT INDEX.—A fairly high and very significant 
positive correlation was shown in 1925 by 224 individual bolls of Pima cotton 
(r 0.540+ 0.032). Closer correlation was shown (5) in two populations of Egyp- 
tian cotton grown in Arizona in 1910 (r 0.64+40.045 and 0.83+0.034) and in 
a population of Pima cotton in 1924 (r 0.868+0.023). Martin and Mason (10) 
obtained a coefficient of 0.42+0.02 and Dunlavy (2) the exceptionally low 
coefficient of 0.203 + 0.050. 

LINT PERCENTAGE WITH FIBER LENGTH.—The correlation of these characters 
was not determined on Arizona material. Other investigators report coefficients 
for upland cotton as follows: Hodson (4) in five populations obtained coefficients 
ranging from —0.034 to —0.311, three of which (all negative) may have been 
significant; Dunlavy (2) —0.445+0.042; Martin and Mason (10) —0.21+0.023; 
and Stroman (1/2) significant correlations in only 4 out of 16 varieties, all nega- 
tive, with coefficients ranging from —0.37+0.09 to —0.52+0.07. Negative 
correlation between lint percentage and fiber length in upland cotton is strongly 
indicated by these data. Kottur reports these characters to be independent in 
the Indian cottons with which he worked (9, p. 129-138). 

LINT PERCENTAGE WITH PERCENTAGE 5-LOCK BOLLS PER PLANT.—Dunlavy (2) 
found no significant correlation in upland cotton (r. 0.036 + 0.056). 

LINT PERCENTAGE WITH BOLL LENGTH.—A low but apparently significant posi- 
tive correlation was shown by 224 individual bolls of Pima cotton in 1925 
(r 0.179+ 0.044). 

LINT PERCENTAGE WITH BOLL DIAMETER.—No correlation was shown by 224 
individual bolls of Pima cotton in 1925 (r 0.074+0.045). 

LINT PERCENTAGE WITH BOLL INDEX.—A low but possibly significant negative 
correlation was shown by 224 individual bolls of Pima cotton in 1925 (r —0.142 
+0.044). It has been shown, however, that this apparent correlation probably 
is due to the high negative correlation of boll length with boll index. 

The correlations of lint percentage with seed cotton weight per boll, fiber 
weight per boll, seed weight per boll, number of seeds per boll, and mean weight 
of individual seeds have been mentioned under those characters as subjects. 

LINT INDEX WITH FIBER LENGTH.—This correlation was determined in Arizona 
on seven populations of Egyptian cotton, of which six were of the Pima variety. 
In only three populations (all of Pima cotton) the coefficients were apparently 
significant, having been 0.360+0.055, —0.132+0.038, and —0.361+0.085. 
Since one of the apparently significant coefficients was positive and the other 
two negative, no general conclusion in regard to this correlation is possible. 
For 180 F, plants of an upland-Egyptian hybrid grown at Sacaton in 1919 the 
coefficient of correlation was —0.098+0.050. Dunlavy (2) reports a coefficient 
of correlation between fiber length and lint index of 0.153+0.051, while Martin 
and Mason (10) obtained a coefficient of only 0.07+0.024. 

LINT INDEX WITH FIBER COLOR.—No correlation was shown by 180 F, plants 
of an upland-Egyptian hybrid at Sacaton in 1919 (r 0.033+0.050). 
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LINT INDEX WITH SEED FUZZINESS.—No correlation was shown by 180 F, 
plants of an upland-Egyptian hybrid in 1919 (r 0.090+ 0.050), by 178 individual 
selections of Pima cotton in 1922 (r —0.061+ 0.050), and by 224 individual bolls 
of Pima cotton in 1925 (r 0.042+0.045). A coefficient of —0.327+0.100 was 
obtained on 36 individual selections of Sakellaridis cotton at Sacaton in 1922, 
but the population was too small to make it likely that this correlation is signifi- 
cant. 

LINT INDEX WITH PERCENTAGE 5-LOCK BOLLS PER PLANT.—Dunlavy (2) found 
no significant correlation in upland cotton (r 0.078+0.056). In the second 
generation population of an upland-Egyptian hybrid grown at Sacaton in 1919 

(180 plants) there was no correlation between lint index and mean lock number 
per plant (r 0.014+0.050). 

LINT INDEX WITH BOLL LENGTH.—A low but significant positive correlation 
was shown by 224 individual bolls of Pima cotton in 1925 (r 0.237+0.042). 

LINT INDEX WITH BOLL DIAMETER.—A low but significant positive correlation 
was shown by 224 individual bolls of Pima cotton in 1925 (r 0.228+0.042). 

LINT INDEX WITH BOLL INDEX.—No significant correlation was shown by 224 
individual bolls of Pima cotton in 1925 (r —0.100+0.045). 

The correlations of lint index with seed cotton weight per boll, fiber weight 
per boll, number of seeds per boll, mean weight of individual seeds, and lint 
percentage have been mentioned under those characters as subjects. 

FIBER LENGTH WITH FIBER COLOR.—For 180 F; plants of an upland-Egyptian 
hybrid grown in Arizona in 1919 the coefficient of ‘cavteedion was —0.230+0.048 
indicating a slight but probably significant tendency for the plants with longer 
fiber to have lighter colored fiber. Kottur (9, p. 124- -129) noted a tendency in 
Indian cottons for shortness of staple to be associated with brown color of the 
fiber, but he did not determine the coefficient of correlation. 

FIBER LENGTH WITH SEED FUZZINESS.—No significant correlation was shown in 
Arizona by three populations, one of the Pima variety (r0.046+0.051) one of the 
Sakellaridis variety (r 0.283+ 0.103), and one of the second generation: of an up- 
land-Egyptian hybrid (r 0.050+ 0.050). 

FIBER LENGTH WITH PERCENTAGE 5-LOCK BOLLS PER PLANT.—Dunlavy (2) 
found no significant correlation in upland cotton (r—0.109+0.055). In the 
second generation of an upland-Egyptian hybrid at Sacaton in 1919 (180 plants) 
fiber length and boll lock number (mean per plant) were not significantly corre- 
lated (r—0.127+ 0.049). 

The correlations of fiber length with seed cotton weight per boll, mean weight 
of individual seeds, lint percentage, and lint index have been mentioned under 
those characters as subjects. 

FIBER COLOR WITH SEED FUZZINESS.—For 180 plants of upland-Egyptian F,. 

1 Arizona in 1919 the coefficient of correlation was negligible (r—0.016 + 0.050) 

The correlations of fiber color with lint index and fiber length have been 
mentioned under those characters as subjects. 

The correlations of seed fuzziness with lint index, fiber length, and fiber color 
have been mentioned under those characters as subjects. 

BOLL LENGTH WITH BOLL DIAMETER.—A fairly high and very significant positive 
correlation was shown by 224 individual bolls of Pima cotton in 1925 (r 0.385+ 
0.038). This correlation was determined in Arizona also on seven other popula- 
tions of Pima and other varieties of Egyptian cotton. The coefficients ranged 
from 0.21 to 0.73 (0.5 or higher in six cases), and were significant in all but one case. 
For 180 F, plants (one boll per plant) of an upland-Egyptian hybrid at Sacaton 
in 1919 the coefficient of correlation was 0.289 + 0.046. 

BoLL LENGTH WITH BOLL INDEX.—The expected high and very at 
negative correlation was shown by 2 24 individual bolls of Pima cotton in 192: 

r—-0.680 + 0.023). As determined in Arizona on seven other populations ae 

senting several Egyptian varieties, the coefficients of correlation ranged from 
—0.59+0.07 to —0.795+0.028. For 180 F, plants of an upland-Egyptian 
hybrid grown in 1919 the coefficient was —0.703 + 0.025. 

BOLL LENGTH WITH BOLL APEX INDEX.!°—For 180 F, plants of an upland- 
Egyptian hybrid grown at Sacaton in 1919 the coefficient of correlation was 
— 0.504 + 0.038. 

BOLL LENGTH WITH BOLL VOLUME.—The correlation with volume of the fully 
developed but unopen boll (as measured by the displacement of water) was 
determined in 1916 on three lots of bolls, each boll having been from a different 


© The boll apex index is the diameter 5 mm_ below the apex taken as a percentage of the maximum 
diameter. Round bolls have a high, and pointed bolls a low, index. 
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individual plant. For 161 bolls of the Pima variety the coefficient was 
(.64+ 0.031; for 207 bolls of the Gila variety, 0.73+0.022; and for 407 bolls of 
Pima X Gila F2, 0.62+0.021. The length of the boll therefore gives a good indi- 
cation of its volume. 

The correlations of boll length with seed cotton weight per boll, fiber weight 
per boll, number of seeds per boll, mean weight of individual seeds, lint per- 
centage, and lint index are mentioned under those characters as subjects. 

BOLL DIAMETER WITH BOLL INDEX.—A significant positive correlation was 
shown by 224 individual bolls of Pima cotton in 1925 (r0.325+0.040). Of seven 
other populations of Egyptian cotton in Arizona only three gave significant 
coefficients (r 0.116+0.032, 0.23+0.05, and 0.467+0.069). The coefficient for 
180 F, plants of an upland Egyptian hybrid was 0.376 + 0.043. 

BOLL DIAMETER WITH BOLL APEX INDEX.—For 180 F, plants of an upland 
Egyptian hybrid grown at Sacaton in 1919 the coefficient of correlation was 

- 0.079 + 0.050. 

BOLL DIAMETER WITH BOLL VOLUME.—This correlation was determined on 
the same populations as was the correlation of boll length with boll volume, 
and the coefficients obtained were: Pima, 0.73+0.025; Gila, 0.82+0.015; and 
Pima X Gila F,, 0.79+0. 012. The volume of the boll therefore was even better 
indicated by the maximum external diameter than by the length. It is possible 
also that diameter is more closely correlated than length with the weight of 
seed cotton and of fiber per boll. (Table 1.) 

The correlations of boll diameter with seed-cotton weight per boll, fiber weight 
per boll, number of seeds per boll, mean weight of individual seeds, lint per- 
centage, lint index, and boll length are mentioned under those characters as 
subjects. 

BOLL INDEX WITH BOLL APEX INDEX.—For 180 F, plants of an upland Egyptian 
hybrid grown at Sacaton in 1919 the correlation was significant and positive 
(r 0.448 + 0.040), as would be expected since relatively slender bolls usually have 
pointed tips, and vice versa. 

The correlation of boll index with other characters are mentioned under those 
characters as subjects. 

The correlations of boll apex index with boll length, boll diameter, and boll 
index are mentioned under those characters as subjects. 

The correlations of boll volume with boll length and boll diameter are mentioned 
under those characters as subjects. 


EVIDENCE OF GENETIC CORRELATION 


All of the correlations discussed in this paper which gave high 
coefficients are more or less obviously physical or physiological. 
The populations on which the correlations were determined were not 
of a nature to afford evidence as to the occurrence of genetic correla- 
tion, except in the case of 180 F, plants of an upland-Egyptian hybrid, 
grown in 1919 (8). In this population the coefficients of correlation 
were computed for all possible combinations of the following charac- 
ters: 


1. Lint index. 6. Boll length. 

2. Fiber length. 7. Boll diameter. 
3. Fiber color. 8. Boll index. 

4. Seed fuzziness. 9. Boll apex index. 
5. Boll-lock number. 


The first four characters were determined as the average for five 
mature bolls from each plant and the last four characters on a single, 
fully developed but unopen boll on each plant. The mean boll-lock 
number for each plant was computed by counting the number of locks 
in every boll on the plant. The coefficients of correlation were com- 
puted by the product-moment method, none of the characters having 
shown segregation in definite ratios." 

1! The seed coat character (seed fuzziness) in crosses between cottons which have, respectively, naked and 
fuzzy seeds, shows definite monohybrid segregation, absence of fuzz being dominant. But such segregation 


was not observed in the upland Egyptian hybrid under consideration, both parents of the hybrid having 
had more or less fuzzy seeds. 
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Ten of the 36 pairs of characters gave coefficients of correlation 
amounting to three or more times the probable error. These coeffi- 
cients are given in Table 5. 


TABLE 5.—Significant correlations among seed, fiber, and boll characters of an 
upland X Egyptian F, population (180 plants) 


Coefficient of | Coefficient 
Character pair correlation r/E Character pair of correlation | r/E 
(r) (r) 


Lint index 
Boll diameter 
Fiber length 
Boll length 


\ Boll length 
Fiber length \ 
/ 
\ 


|| Boll diameter 
Boll length 

|, Boll index 

Boll length 

Boll apex index 

“n , || Boll diameter 

30+ 48 | 4.8 |, Boll index 

Boll index 

Boll apex index 


0, 2140. 048 4.5 


. 289-+-0, 046 6.3 


175+ . 049 3.6 —. 7038+ .025 28. 1 


Boll apex index - 504 . 038 | 13.3 
Fiber length 
Fiber color 

Boll lock number 
Boll diameter 


—. 172+ .049 3.5 
-, . 3764 . 043 8.7 


202+ .048 4.2 | 448+ . 040 11.2 


— SS eee 
| 


All but the first four correlations in Table 5 may be dismissed as 
obviously or probably of a physical or physiological nature. That 
this applies to the intercorrelations of boll length, boll diameter, and 
boll index (diameter as a percentage of the length) has been brought 
Out in preceding pages. The positive correlation between boll lock 
number and boll diameter is obviously physical. A much closer 
correlation doubtless would be shown by determinations on the same 
individual bolls. The negative correlation between boll length and 
boll apex index (diameter 5 mm. below the apex as a percentage of the 
maximum diameter) is probably a physiological one, since the most 
cursory observation of a series of cotton varieties shows that long 
bolls tend to be pointed, and vice versa. A similar relation is ex- 
pressed in the positive correlation of boll index with boll apex index 
which indicates that slender bolls (having a low boll index) tend to 
be pointed and vice versa. 

he positive correlation of lint index with boll diameter, although 
coherent (in the direction indicated by the parental associations of the 
characters) is in all probability a physiological one, since the 224 
individual bolls of Pima cotton in 1925 gave very nearly the same 
coefficient (r 0.228 + 0.042). Thecorrelation probably expresses merely 
a like influence of environmental conditions upon two otherwise inde- 
pendent characters. 

The low positive correlation of fiber length with boll length and the 
low negative correlation of fiber length with boll apex index probably 
indicate a slight physiological tendency for the longer and more 
pointed bolls to contain longer fiber. A comparison of different 
types and varieties of cotton shows that the long-staple varieties 
mostly have long and pointed bolls. Both correlations are coherent, 
however, and the evidence at hand does not exelude the possibility 
that a weak linkage is involved. Closer correlation might have been 
shown if the fiber character and the boll characters had been deter- 
mined on the same individual bolls. The correlations of the two 
boll characters with fiber length evidently are not independent, 
being connected by the rather high negative correlation between 
boll length and boll apex index (r—0.504+ 0.038). This is shown by 
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the partial correlations, that of fiber length with boll length constant 
for boll apex index giving a coefficient of only 0.103 + 0.050 and that of 
fiber length with boll apex index constant for boll length giving a 
coefficient of only 0.098 + 0.050. 

The only one of these ten correlations in which physical or physio- 
logical association of the characters seems improbable is the negative 
correlation between fiber length and fiber color, the coefficient 
(r — 0.230 + 0.048) being nearly five times its probable error. This cor- 
relation is, however, disherent, the upland parent having had shorter 
and lighter colored fiber than the Egyptian parent, whereas the hybrid 
shows a tendency for longer fiber to be associated with lighter colored 
fiber and vice versa. Such a correlation, if it is really genetic, 
may be interpreted only on the unproven assumption that crossing- 
over in excess of 50 per cent has occurred. An association of short 
staple with brown color in Indian cottons was noticed by Kottur 
(9, p. 124-129), but he did not determine the coefficient of correlation. 

The only case in which linkage of any of the characters of the cotton 
plant discussed in this paper appears to have been demonstrated is 
that between sparse lint (low lint index) and naked seeds, reported 
by Thadani (13). 





SUMMARY 


The intercorrelations of various characters of the bolls, seeds, and 
fiber have been determined in Arizona on several populations of 
cottons of the Egyptian type, and on a population of 180 second 
generation plants of a hybrid between upland and Egyptian cotton. 

The coefficients of correlation were computed on 224 (or 250) 

individual bolls borne by 50 plants of Pima Egyptian cotton at 
Sacaton, Ariz., in 1925, for all possible combinations of the charac- 
ters seed-cotton weight per boll, fiber weight per boll, lint percentage, 
lint index, number of seeds per boll, mean weight of the individual 
seeds, boll length, boll diameter, and boll index, a total of 36 pairs 
of characters. The coefficients of correlation are given in Table 1. 
For 26 pairs of characters the coefficients are probably significant, 
being more than three times the probable error. 
' There were also computed in 1925 coefficients of correlation for 
eight pairs of characters on 25 samples from as many fields in the 
Salt River Valley, Ariz., each sample having consisted of 100 bolls. 
A comparison of these coefficients with the coefficients obtained 
for the same pairs of characters on the 224 individual bolls is made 
in Tables 3 and 4. For three of the eight pairs of characters the 
coefficients differ markedly, although the significance of the differ- 
ences is doubtful. This comparison shows clearly, however, the danger 
of generalizing as to the correlation of characters on the basis of a 
coefficient determined on a single population and under one set of 
environmental conditions. 

These and all other correlations determined in Arizona, together 
with references to the published data of other investigators who 
worked chiefly with upland cottons, are brought together in a 
synopsis. The subjects of the correlations are arranged so as to 
facilitate reference. 

Evidence as to the occurrence of linkage, afforded by the corre- 
lations of characters in a second-generation population of an upland- 
Egyptian hybrid, is discussed in the concluding section. Coefficients 
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higher than 0.25 were obtained in the hybrid only in cases where the 
correlation is obviously or very probably of a physical or physiological 
nature, in other words due to the mathematical relationship of the 
characters or to a like effect of environmental conditions upon other- 
wise independent characters. 

Among the characters considered in this paper, the only significant 
correlation found by the writer which appears to be neither physical 
nor physiological is the negative correlation between fiber length 
and fiber color in the upland-Egyptian hybrid, which gave a coeffi- 
cient of —0.230+0.048. In this case the correlation is disherent, 
since in the parents of the hybrid long fiber was associated with 
deeper colored fiber, and vice versa. Linkage in this case would 
have been indicated by a positive correlation unless crossing over 
in excess of 50 per cent is assumed to have taken place. 

An apparently well-substantiated case of linkage between sparse- 
ness of the fiber and absence of fuzz on the seeds and vice versa, 
has been reported by Thadani (1/3). 
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